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 SYNOPSIS
On May 3, 1977, the International Joint Commission (IJC), at the
request of the governments of the United States and Canada, established the
International Great Lakes Diversions and Consumptive Uses Study Boardto
investigate the effect on the water levels and outflows of the Great Lakes
of: existing and proposed new or changed diversions into, out of and within
the Great Lakes basin; and existing and reasonably foreseeable patterns of
consumptive water uses.
The purpose of this Annex is to document in detail the approach and
methodology used to project consumptive water use in both the United States
and Canadian portions of the Great Lakes and their basins from a base year
1975 to the year 2035. Projections are an integration of consumption in
seven water use sectors from lake and nonlake sources within each of the
five Great Lakes and their drainage basins. The United States projections
are based on data and analyses available from the U.S. Departments of
Commerce, Agriculture, Interior and Energy, the Federal Energy Regulatory
Commission, and the U.S. Water Resources Council. In Canada a
comprehensive historical data base was not available so more fundamental
data analysis and model development was required. Overall, however, the
approaches to determine the projections used in the two countries are
compatible.
Findings and conclusions based on the data, assumptions and
methodologies described in this Annex along with the hydrologic and
economic impacts of projected consumptive water use on levels of the Great
Lakes are summarized in the main report.
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se
rep
ort
s
dir
ect
ed
the
stu
dy
eff
ort
to
com
par
iso
n a
nd
ver
ifi
cat
ion
.
The
se
dif
fer
enc
es
wer
e
fou
nd
to
res
ult
fro
m
var
iat
ion
s i
n 1
) o
rga
niz
ati
on
and
dur
ati
on
of
col
lec
tio
n e
ffo
rts
, 2
)
des
ign
ati
on
of
reg
ion
al
and
sub
-ba
sin
bou
nda
rie
s,
3)
def
ini
tio
n o
f
cat
ego
rie
s o
f w
ate
r
use
act
ivi
tie
s,
4)
wat
er
use
pro
jec
tio
n
met
hod
olo
gie
s,
5)
ass
ump
tio
ns
and
6)
dat
a b
ase
s.
The
acc
ura
cy
of
var
iou
s a
ssu
mpt
ion
s u
sed
in
pre
vio
us
stu
die
s w
as
inv
est
iga
ted
by
rev
iew
of
ava
ila
ble
dat
a o
n u
rba
n a
nd
rur
al
pop
ula
tio
n s
tat
ist
ics
,
ind
ust
ria
l e
arn
ing
s,
irr
iga
ted
acr
eag
e,
and
wat
er
use
rat
es
for
the
var
iou
s u
se
sec
tor
s,
and
int
era
cti
ons
wit
h p
eop
le
who
had
participated in the previous studies.
Stu
dy
eff
ort
s f
ocu
sed
on
the
dev
elo
pme
nt
of
the
sel
ect
ed
set
s
of most likely projections for each water use sector. After
con
sid
era
tio
n o
f a
ll
ava
ila
ble
inf
orm
ati
on,
the
Nat
ion
al
Ass
ess
men
t
Stu
dy
fig
ure
s w
ere
ado
pte
d a
s r
eli
abl
e e
sti
mat
es
of
wat
er
use
for
the
rur
al—
dom
est
ic,
min
ing
, r
ura
l-s
toc
k,
and
cro
p i
rri
gat
ion
sectors. This decision was made in view of the minor significance
of
the
se
sec
tor
s,
the
com
pre
hen
siv
ene
ss
of
the
NAS
eff
ort
, a
nd
the
lack of additional information. MLP's and alternative projections
of
wat
er
wit
hdr
awa
l a
nd
con
sum
pti
ve
use
wer
e g
ene
rat
ed
for
the
thr
ee
major water use sectors, municipal, manufacturing, and thermal
electric power generation.
The U.S. Water Resources Council Second National Water
Asse
ssme
nt
(NAS
), c
ompl
eted
in 1
978,
serv
ed a
s a
fund
amen
tal
SOur
ce
of information. The water use study was conducted in three phases,
1)
the
nat
ion
-wi
de
wat
er
use
ana
lys
is
was
und
ert
ake
n b
y t
he
Council's member agencies to assess current and future water
requirements, problems related to this water use and possible
implications for the future, 2) a specific problem analysis was
conducted by regionalagencies to reflect state and regional
viewpoints about management of their water resources, and 3) a
national water and related land use problem analysis was developed
from information collected in the previous phases. The NAS was
organized in this manner to allow presentation of water Supply data
and problems analysis from state, regional, and federal
perspectives. The portion of the assessment prepared by state and
regional agencies, termed the State—Regional Futures, was completed
in 1975. The National Programs and Assessment Task Force, aided by
federal agencies, completed the National-Futures segment of the
study in 1978 and participating state and regional agencies in the
Grea
t La
kes
regi
on a
dopt
ed t
hem.
The
Grea
t La
kes
basi
n wa
s di
vide
d
into 12 sub—basin areas to expedite data collection. These
sub-basin areas approximate hydrologic drainage areas within the
Great Lakes basin with boundaries along county lines in closest
approximation to the physical drainage area. The Great Lakes states
and agencies with responsibilities in the basin including the
Federal Power Commission, Energy Research and Development
Administration, Department of Interior, Department of Agriculture,
and the Department of Commerce Office of Business Research and
 An
al
ys
is
(O
BR
A)
we
re
gi
ve
n
re
sp
on
si
bi
li
ty
for
co
ll
ec
ti
ng
an
d
co
mp
il
in
g
da
ta
re
le
va
nt
to
th
ei
r
pa
rt
ic
ul
ar
wa
te
r
use
co
nc
er
ns
.
Th
es
e
ag
en
ci
es
re
li
ed
up
on
lo
ca
l
and
re
gi
on
al
pl
an
ni
ng
ag
en
ci
es
an
d
mu
ni
ci
pa
li
ti
es
for
mu
ch
of
the
re
qu
ir
ed
st
at
is
ti
ca
l
in
fo
rm
at
io
n.
Mun
ici
pal
and
man
ufa
ctu
rin
g
wat
er
use
est
ima
tes
wer
e
dev
elo
ped
by
mo
di
fi
ca
ti
on
of
NA
S
fi
gu
re
s.
As
su
mp
ti
on
s
co
nc
er
ni
ng
the
na
tu
re
of
wa
te
r
us
e
we
re
ap
pl
ie
d
in
ac
co
rd
an
ce
wi
th
in
fo
rm
at
io
n
av
ai
la
bl
e
in
va
ri
Ou
s
fe
de
ra
l
and
st
at
e
ag
en
ci
es
ab
ou
t
cu
rr
en
t
us
ag
e
tr
en
ds
.
Pow
er
fig
ure
s
had
to
be
gen
era
ted
dir
ect
ly
fro
m
ava
ila
ble
dat
a
and
in
fo
rm
at
io
n
ob
ta
in
ed
fr
om
st
at
e
and
fe
de
ra
l
ag
en
ci
es
and
rel
iab
ili
ty
cou
nci
ls.
How
eve
r,
man
y
of
the
ass
ump
tio
ns
use
d
to
fo
rm
ul
at
e
NA
S
pO
We
r
wa
te
r
use
pr
oj
ec
ti
on
s
we
re
ap
pl
ie
d
to
th
es
e
figures also.
Pro
jec
tio
ns
wer
e
for
mul
ate
d
on
the
bas
is
of
ass
ump
tio
ns
abo
ut
gr
ow
th
an
d
us
ag
e
tr
en
ds
wh
ic
h
ar
e
li
ke
ly
to
ch
an
ge
ov
er
th
e
pro
jec
tio
n
per
iod
.
The
dif
fer
enc
es
in
pro
jec
tio
ns
for
mul
ate
d
wit
h
va
ry
in
g
as
su
mp
ti
on
s
pr
ov
id
e
an
in
di
ca
ti
on
of
the
se
ns
it
iv
it
y
of
the
es
ti
ma
te
s
to
ch
an
gi
ng
tr
en
ds
.
De
ta
il
ed
ex
pl
an
at
io
n
and
co
mp
ar
is
on
of
the
me
th
od
ol
og
ie
s
and
as
su
mp
ti
on
s
us
ed
to
de
ri
ve
pr
es
en
t
and
pr
oj
ec
te
d
wa
te
r
use
an
d t
he
al
te
rn
at
iv
e
sc
en
ar
io
s
ar
e
in
cl
ud
ed
in
th
e
sp
ec
if
ic
wa
te
r
us
e
se
ct
or
s.
1.3 Perspective: Canada
In
co
nt
ra
st
to
th
e
U.
S.
po
rt
io
n
of
th
e
st
ud
y,
no
we
ll
-d
ef
in
ed
na
ti
on
al
as
su
mp
ti
on
s
ap
pl
y
to
th
e
Ca
na
di
an
st
ud
y
be
ca
us
e
no
na
ti
on
al
wa
te
r
de
ma
nd
fo
re
ca
st
ha
s
be
en
ca
rr
ie
d
ou
t.
Av
ai
la
bl
e
te
ch
ni
qu
es
of
wa
te
r
use
and
de
ma
nd
fo
re
ca
st
in
g
we
re
us
ed
in
the
Ca
na
di
an
ap
pr
oa
ch
to
th
is
st
ud
y
(6
0)
.
Ge
ne
ra
ll
y,
th
e
re
se
ar
ch
wa
s
do
ne
us
in
g
co
mp
ut
er
si
mu
la
ti
on
te
ch
ni
qu
es
,
wh
ic
h,
gi
ve
n
ce
rt
ai
n
ba
si
c
da
ta
on
the
fo
re
ca
st
in
g
pa
ra
me
te
rs
,
ca
lC
ul
at
ed
th
e
wa
te
r
us
e
fo
r
an
y
gi
ve
n
ca
te
go
ry
at
an
y
po
in
t
in
the
tim
e
ho
ri
zo
n.
Fa
ct
or
s
un
de
rl
yi
ng
ma
ny
of
th
e
fo
re
ca
st
in
g
va
ri
ab
le
s
we
re
no
t
ev
al
ua
te
d
in
th
is
st
ud
y,
bu
t
al
lo
wa
nc
e
wa
s
ma
de
for
thi
s
de
fi
ci
en
cy
by
al
lo
wi
ng
the
va
ri
ab
le
s
to
assume a range of values.
In
th
e
in
ve
st
ig
at
iv
e
ph
as
e
of
th
e
Ca
na
di
an
se
ct
io
n
of
th
e
st
ud
y,
tw
o
pr
in
ci
pa
l
mo
de
ls
We
re
de
ve
lo
pe
d.
Th
e
fi
rs
t
is
de
mo
gr
ap
hi
ca
ll
y-
ba
se
d
an
d
fo
rm
s
th
e
fr
am
ew
or
k
of
es
ti
ma
te
d
wa
te
r
us
es
fo
r
mu
ni
ci
pa
l
an
d
ru
ra
l-
do
me
st
ic
ca
te
go
ri
es
.
A
se
co
nd
mo
de
l
fo
cu
se
s
on
th
e
in
du
st
ri
al
ac
ti
vi
ty
in
th
e
ba
si
n,
an
d
fo
rm
s
th
e
ba
si
s
fo
r
wa
te
r
us
e
es
ti
ma
te
s
in
ma
nu
fa
ct
ur
in
g
an
d
mi
ni
ng
.
In
di
vi
du
al
mo
de
ls
we
re
de
ve
lo
pe
d
as
th
e
ba
si
s
fo
r
fo
re
ca
st
s
in
th
e
po
we
r
ge
ne
ra
ti
on
,
ir
ri
ga
ti
on
an
d
ru
ra
l—
st
oc
k
wa
te
r
us
e
se
ct
or
s
(5
8)
.
1.
3.
1
A
Re
vi
ew
of
th
e
Wa
te
r
Us
e
Fo
re
ca
st
in
g
Pr
ob
le
m
If
one
wor
d
cou
ld
be
sai
d
to
cap
tur
e
the
pro
ble
ms
of
for
eca
sti
ng,
tha
t
wor
d
wou
ld
be
"un
cer
tai
nty
".
Her
e,
the
con
cep
t
in
vo
lv
es
th
re
e
pr
in
ci
pa
l
di
me
ns
io
ns
—
ec
on
om
ic
un
ce
rt
ai
nt
y,
te
ch
no
lo
gi
ca
l
un
ce
rt
ai
nt
y
an
d
the
un
ce
rt
ai
nt
ie
s
in
he
re
nt
in
wa
te
r
management policies.
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An
y
ec
on
om
y
is
co
mp
le
x.
Un
li
ke
ph
ys
ic
al
sy
st
em
s,
pa
rt
s
of
wh
ic
h
ca
n
be
is
ol
at
ed
,
co
nt
ro
ll
ed
an
d
ex
pe
ri
me
nt
ed
wi
th
,
a
so
ci
al
sy
st
em
is
le
ss
am
en
ab
le
to
co
nt
ro
ll
ed
ob
se
rv
at
io
n.
Th
at
is
wh
y
pr
ed
ic
ti
on
in
th
e
so
ci
al
sc
ie
nc
es
is
no
t
ex
ac
t,
an
d
wh
y
eq
ua
ll
y
ab
le
pr
ac
ti
ti
on
er
s
of
a
su
bj
ec
t
ca
n
ha
Ve
va
st
ly
di
ff
er
en
t
vi
ew
s.
It
is
al
so
wh
y,
de
sp
it
e
th
e
av
ai
la
bi
li
ty
of
ad
va
nc
ed
fo
re
ca
st
in
g
mo
de
ls
,
ec
on
om
ic
pr
ed
ic
ti
on
s
of
te
n
tu
rn
ou
t
to
be
wr
on
g.
Th
er
e
ar
e
th
re
e
fu
nd
am
en
ta
l
ti
me
fr
am
es
ov
er
wh
ic
h
ec
on
om
ic
fo
re
ca
st
s
ar
e
co
nv
en
ti
on
al
ly
ca
rr
ie
d
ou
t.
At
th
e
mo
st
de
ta
il
ed
le
ve
l,
fo
re
ca
st
s
ha
ve
a
on
e
to
tw
o
ye
ar
ti
me
fr
am
e,
an
d
ar
e
us
ua
ll
y
do
ne
on
a
qu
ar
te
rl
y
ba
si
s.
Mo
de
ls
by
th
e
Co
nf
er
en
ce
Bo
ar
d
in
Ca
na
da
an
d
th
e
Ba
nk
of
Ca
na
da
ar
e
ex
am
pl
es
of
th
e
to
ol
s
us
ed
at
th
is
le
ve
l.
St
at
is
ti
ca
ll
y
qu
al
if
ie
d
st
at
em
en
ts
ar
e
gi
ve
n
on
ma
ny
ec
on
om
ic
pa
ra
me
te
rs
(e
.g
.
re
al
do
me
st
ic
pr
od
uc
t,
un
em
pl
oy
me
nt
,
in
fl
at
io
n
ra
te
s,
et
c.
)
in
th
es
e
fo
re
ca
st
s.
Ev
en
he
re
th
ou
gh
,
pr
ec
is
io
n
ca
n
of
te
n
be
lo
st
by
po
li
cy
sh
if
ts
,
em
ba
rg
oe
s,
en
er
gy
cr
is
es
,
an
d
ma
ny
ot
he
r
fa
ct
or
s.
At
th
e
ne
xt
le
ve
l,
th
e
ti
me
fr
am
e
is
ab
ou
t
10
ye
ar
s.
Ma
cr
o—
ec
on
om
ic
to
ol
s
su
ch
as
th
e
CA
ND
ID
E
mo
de
l
by
th
e
Ec
on
om
ic
Co
un
ci
l
of
Ca
na
da
(5
4)
ar
e
em
pl
oy
ed
in
th
is
ty
pe
of
fo
re
ca
st
.
He
re
,
de
Sp
it
e
th
e
st
at
is
ti
ca
l
ba
se
em
pl
oy
ed
,
pr
oj
ec
ti
on
s
ar
e
vi
ew
ed
,
no
t
as
ce
rt
ai
nt
ie
s,
bu
t
ra
th
er
as
co
nd
it
io
na
l
re
sp
on
se
s
to
as
su
mp
ti
on
s
ma
de
to
op
er
at
e
th
e
mo
de
ls
.
At
th
e
th
ir
d
le
ve
l
of
fo
re
ca
st
in
g,
on
ly
br
oa
d
pa
ra
me
te
rs
,
wh
ic
h
ha
ve
so
me
de
gr
ee
of
re
gu
la
ri
ty
,
wi
th
no
rm
al
ly
ma
ny
ye
ar
s
of
pa
st
ob
se
rv
at
io
n,
su
ch
as
po
pu
la
ti
on
,
ar
e
pr
oj
ec
te
d,
an
d
th
en
on
ly
on
an
"a
lt
er
na
ti
ve
fu
tu
re
s"
ba
si
s.
Pa
st
25
ye
ar
s,
fo
re
ca
st
in
g
en
te
rs
th
e
re
al
m
of
gu
es
sw
or
k.
If
we
go
ba
ck
60
ye
ar
s
to
19
20
,
wh
o
wo
ul
d
ha
ve
pr
ed
ic
te
d
cu
rr
en
t
st
an
da
rd
s
of
li
vi
ng
?
Wh
o
th
e
st
at
e
of
tr
an
sp
or
ta
ti
on
?
Wh
o
th
e
in
te
rv
en
ti
on
of
a
Wo
rl
d
Wa
r,
an
d
ma
ny
sm
al
le
r
on
es
?
Th
e
sa
me
pr
ob
le
ms
ar
e
in
vo
lv
ed
in
go
in
g
ah
ea
d
60
ye
ar
s.
Te
ch
no
lo
gi
ca
l
fo
re
ca
st
in
g
is
ev
en
mo
re
di
ff
ic
ul
t
th
an
ec
on
om
ic
.
Th
e
cu
rr
en
t
pr
ob
le
m
in
th
e
de
ve
lo
pe
d
wo
rl
d
is
en
er
gy
us
e.
Th
e
en
er
gy
'c
ri
si
s'
af
fe
ct
s
ev
er
yo
ne
ec
on
om
ic
al
ly
,
bu
t
so
me
of
th
e
mo
re
in
te
re
st
in
g
ef
fe
ct
s
wi
ll
be
te
ch
no
lo
gi
ca
l.
Th
es
e
ca
nn
ot
be
pr
ed
ic
te
d,
bu
t
wi
ll
in
ev
it
ab
ly
af
fe
ct
wa
te
r
us
e.
Co
ns
ta
nt
te
ch
no
lo
gi
ca
l
as
su
mp
ti
on
s
ar
e
bu
il
t
in
to
th
e
ML
P.
Me
th
od
s
of
wa
te
r
us
e,
pr
od
uc
ts
,
pr
oc
es
se
s
an
d
ev
en
ne
w
in
du
st
ri
es
ar
e
ce
rt
ai
n
to
de
ve
lo
p
ov
er
60
ye
ar
s.
Be
ca
us
e
th
e
ba
si
c
ec
on
om
ic
st
ru
ct
ur
e
ha
s
be
en
he
ld
co
ns
ta
nt
th
ro
ug
ho
ut
th
is
pa
pe
r,
th
e
pr
ob
ab
il
it
ie
s
of
wh
ol
ly
ne
wde
ve
lo
pm
en
ts
ha
ve
no
t
be
en
in
co
rp
or
at
ed
.
Th
us
,
te
ch
no
lo
gi
ca
l
un
ce
rt
ai
nt
y
is
a
ma
jo
r
so
ur
ce
of
er
ro
r
in
th
e
forecasts.
Th
e
th
ir
d
di
me
ns
io
n
of
un
ce
rt
ai
nt
y
re
la
te
s
to
pu
bl
ic
po
li
cy
wh
ic
h
ca
n
ha
ve
ma
jo
r
ef
fe
ct
s
on
th
e
us
e
of
wa
te
r.
Tw
o
ex
am
pl
es
wi
ll
se
rv
e
to
de
mo
ns
tr
at
e
th
is
po
in
t,
on
e
re
la
te
d
to
wa
te
r
qu
al
it
y,
th
e
ot
he
r
to
wa
te
r
su
pp
ly
.
Ov
er
th
e
pa
st
10
ye
ar
s,
wa
te
r
qu
al
it
y
de
te
ri
or
at
io
n
ha
s
be
en
a
ma
jo
r
so
ur
ce
of
co
nc
er
n.
In
th
e
Gr
ea
t
La
ke
s
ar
ea
,
th
is
ha
s
le
d
to
la
rg
e
pu
bl
ic
pr
og
ra
ms
of
re
se
ar
ch
an
d
ma
na
ge
me
nt
in
an
at
te
mp
t
to
re
ve
rs
e
th
e
de
te
ri
or
at
io
n.
Th
es
e
pr
og
ra
ms
ar
e
pr
ov
in
g
to
be
su
cc
es
sf
ul
.
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In
co
nn
ec
ti
on
wi
th
wa
te
r
su
pp
ly
,
fi
gu
re
s
on
wa
te
r
us
e
im
pl
y
co
ns
id
er
ab
le
ne
w
ex
pe
nd
it
ur
es
on
ne
w
or
ex
pa
nd
ed
wa
te
r
su
pp
ly
sy
st
em
s.
In
ma
ny
ca
se
s,
pu
bl
ic
ex
pe
nd
it
ur
es
ar
e
in
vo
lv
ed
.
Wa
te
r
su
pp
ly
an
d
tr
ea
tm
en
t
sy
st
em
s
al
re
ad
y
co
mp
ri
se
so
me
of
th
e
mo
re
co
st
ly
it
em
s
of
pu
bl
ic
ex
pe
ns
e
in
ur
ba
n
ar
ea
s,
an
d
wi
ll
be
ev
en
mo
re
co
st
ly
in
th
e
fu
tu
re
.
Th
ey
wi
ll
ha
ve
in
cr
ea
se
d
in
co
st
be
ca
us
e
of
co
mp
et
in
g
de
ma
nd
s
fo
r
ca
pi
ta
l.
Th
is
si
tu
at
io
n
ma
ke
s
it
de
si
ra
bl
e
fr
om
a
po
li
cy
vi
ew
po
in
t
to
at
te
mp
t
to
li
mi
t
wa
te
r
su
pp
ly
ex
pe
nd
it
ur
e
by
cu
rt
ai
li
ng
de
ma
nd
s.
On
e
su
ch
me
th
od
of
do
in
g
so
is
th
ro
ug
h
th
e
us
e
of
ec
on
om
ic
al
ly
—b
as
ed
pr
ic
in
g
sy
st
em
s
(2
2)
.
If
th
is
is
do
ne
,
an
d
at
th
is
st
ag
e
it
is
no
t
be
in
g
wi
de
ly
co
ns
id
er
ed
,
th
e
wa
te
r
us
e
fo
re
ca
st
s,
pa
rt
ic
ul
ar
ly
fo
r
th
e
mu
ni
ci
pa
li
ti
es
an
d
so
me
in
du
st
ri
es
,
would be high.
1
.
3
.
2
T
h
e
O
n
t
a
r
i
o
E
c
o
n
o
m
y
Th
e
ai
m
of
th
is
se
ct
io
n
is
to
ta
ke
a
ve
ry
br
ie
f
ov
er
vi
ew
of
th
e
On
ta
ri
o
ec
on
om
y
an
d
it
s
me
di
um
—t
er
m
(i
.e
.
to
19
85
)
pr
os
pe
ct
s.
It
is
un
de
rt
ak
en
to
pr
ov
id
e
a
ba
ck
gr
ou
nd
ag
ai
ns
t
wh
ic
h
to
as
se
ss
th
e
wa
te
r
us
e
fo
re
ca
st
s.
Th
e
st
at
is
ti
ca
l
ba
si
s
of
th
e
re
vi
ew
is
an
un
pu
bl
is
he
d
pa
pe
r
by
th
e
De
pa
rt
me
nt
of
Re
gi
on
al
Ec
on
om
ic
Ex
pa
ns
io
n'
s
(D
RE
E)
On
ta
ri
o
Re
gi
on
(1
0)
,
fo
re
ca
st
s
pr
ep
ar
ed
by
th
e
On
ta
ri
o
Ec
on
om
ic
Co
un
ci
l
(5
1)
an
d
se
ve
ra
l
ot
he
r
pu
bl
is
he
d
wo
rk
s.
1
.
3
.
2
.
1
A
g
g
r
e
g
a
t
e
R
e
v
i
e
w
Th
e
Pr
ov
in
ce
of
On
ta
ri
o,
an
d
th
e
Gr
ea
t
La
ke
s
ba
si
n
ac
co
un
t
fo
r
ro
ug
hl
y
40
pe
rc
en
t
of
Ca
na
da
's
na
ti
on
al
ec
on
om
ic
ac
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 In the post-war period to 1973, Ontario had annual growth
rates of real domestic product over five percent, well in excess of
the national average. Since 1974, real domestic product growth has
fallen to 2.9 percent, below the national average, and one of the
slowest in Canada. In addition, Ontario has assumed a relatively
low position with respect to several other economic indicators —
percentage growth of gross provincial product; percentage growth of
per capita personal disposable income; percentage growth of public
and manufacturing investment; percentage growth of residential
construction; and other factors (10). Several factors have combined
to cause this relatively slow growth, including general recession in
international markets (notably the U.S.), wage and price controls,
inflationary conditions, and rising energy prices. With regard to
energy availability and prices, Ontario has been very sensitive to
the post—1973, OPEC—induced rise in petroleum prices. With
practically no petroleum or natural gas resources, the Province's
industries have experienced lower—than—potential growth. In fact,
the decline of Ontario's relative position in the economic picture
of Canada dates exactly from the period of upheaval in the world
petroleum markets. In terms of specific industries, transportation
and communications, and finance, insurance and real estate have been
relatively high growth performers, while agriculture and mining have
had retarding effects.
In spite of the relative decline in the Ontario economy,
income performance has been above the national average throughOut
the 1970's and the Province still constitutes Canada's highest
concentration of income, at about 40 percent of the national total.
The population has grown at only 1.1 percent annually between 1977 ~
and 1979, lower than the national average, in contrast to the
traditional situation in which Ontario's population growth has been
above average. A lowering birth rate and a slackening of
immigration accounts for low growth rate. The labour force in 1978
has expanded at 3.8 percent annually, with employment increasing at
3.6 percent. The previOus two years saw much the same growth, with
increasing rates of unemployment being the result. This pattern is
the result of the post—war baby boom and is expected to be replaced
by possible labour shortages in the mid—eighties (10). The
strongest labour growth was experienced in the transportation and
communication and the finance, insurance and real estate sectors;
the weakest in construction and non—agricultural primary
industries. The service and manufacturing sectors are the largest
employers in the Province.
1.3.2.2 Brief Reviews of Selected Sectors
This section augments the material given in Section
1.3.2.1 by reviewing recent performance in specific economic
sectors. The sectors selected as being the most important in terms
of water use are: primary industries; manufacturing; and
transportation, c0mmunication and utilities.
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1.3.2.5 Comparative Advantage
Although the Ontario economy has demonstrated
slow
er-t
han—
aver
age
grow
th t
hrou
gh m
ost
of t
he 1
970'
s,
the
Prov
ince
still has a number of comparative advantages vis—a-vis Canada as a
whole. Ontario's location, central in Canada and in the midst of
the U.S. market, offers unmatched marketing and transportation
advantages. Nationally, the abundance of water has aided in the
past, and will continue to aid in the location of heavy industry,
which require large water supplies. Although the western part of
Canada is currently undergoing rapid economic growth, this growth
may not extend to a completely diversified economy because of water
constraints. Other natural resources, such as minerals and
particularly uranium are abundant in the Province, and will continue
to provide raw material advantages for Ontario's industry. The
future emphasis on nuclear energy by Ontario Hydro is founded upon
the uranium resources of the Province. It has been assumed that
safety and environmental constraints will be met effectively, and
that the presently anticipated role of this energy source will
materialize. Other comparative advantages of the Province include a
diversified industrial structure, a pool of well educated, skilled
labour, the presence of a well—developed tertiary economic sector,
with a national market, and a large, concentrated and generally
affluent market.
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Canada's CANDIDE model produced scenarios with growth rates between
3.6 and 4.3 percent for the 1981 to 1985 period (7). Finally,
Brooks forecast an industrial growth rate of 1.7 percent through
2025 in a study of the impact of energy conservation (4).
The variability in the forecasted annual growth rates is
notable (Table 2). The Brooks forecast is heavily attuned to energy
conservation, and thus may be a shade to the low side of the
range. The second EMR forecast was done on the premise that
government policy could cut in half the annual growth of energy use
by 2025, and indicate the growth rates required to achieve this
objective. The industrial growth rate which emerges for the
long—term is between three and four percent. It should be noted
that all studies used a population growth rate for Ontario of 1.5
percent annually.
TABLE 2 CANADA: A SURVEY OF ONTARIO AND CANADIAN ECONOMIC GROWTH RATES
 
Forecasting Area Growth Rate Z
Agency Parameter Covered Period (Compounded Annually)
Ontario real domestic Ontario 1977-87 3.4 (manufacturing)
Economic product 3.3 (all goods production)
Council 4.2 (total activity)
Ontario real domestic Ontario 1978~87 4.8 (manufacturing)
Economic product 4.4 (all goods production)
Council 4.6 (total activity)
DREE real domestic Ontario 1979 3 - 4
product 1980-82 5 - 5.5
1983-84 4 — 5
Porter real domestic Ontario 1976-2000 3.5 (backgrOund study)
Commission product 1976—2000 4 (interim report)
EMR industrial Output Canada 1975~80 5.9
1980-90 3.7
1975~90 4.1
EMR gross national Canada 1975-2000 3.4
product ($1975) 2000-25 1.6
Brooks manufacturing Canada 1975-2025 1.7
output ($1961)
Economic gross national Canada 1981-85 3.6 (low)
Council of product (real) 4.3 (high)
Canada
In this study, the principal growth rates developed were:
population — 1.6 percent; manufacturing output — 3.7 percent; power
production — 4.6 percent; irrigation — 1.5 percent; and livestock —
1.6 percent. If these are placed into the context of the
independent study results, they are very similar. The population
F-lO
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 The MLP for municipal consumptive use (Table 13) was derived as
follows:
1. Per capita consumptive use rates were modified from the
NAS per capita figures with the assumption of a 10 percent increase
in'the 1975 rate to be attained by the year 2000.
2. Estimates of population served by lake sources in each
basin were multiplied by per capita rates to obtain consumptive use
figures without conservation.
3. Lake served population multiplied by two gpcd produced
net leakage estimates for each lake basin (Table 8) which were added
to the domestic consumptive use figures.
TABLE 8 U.S.: MUNICIPAL SYSTEM LEAKAGE ESTIMATES
FOR THE GREAT LAKES
 
(cfs)
LAKE BASIN 1975 1985 2000 2015 2035
Superior .7 .8 .9 .9 1.0
Michigan 28.6 31.3 34.7 38.1 42.6
Huron 1.7 2.1 2.7 3.3 4.1
Erie 27.8 30.7 34.7 38.7 44.0
Ontario 2.4 2.9 3.7 4.5 5.6
61.2 67-8 76.7 85.5 97.3
4. NAS figures for commercial consumptive water use from lake
sources, the domestic municipal consumption and leakage estimates
were summed to obtain total consumptive use from the lakes.
Prdjections to 2035 Were obtained by extrapolation.
5. Ratios of NAS consumptive use versus withdrawals in the
non—lake served municipal sector were multiplied by the non—lake
domestic withdrawal projections to obtain domestic consumptive use
with assumed conservation.
6. NAS non-lake commercial consumptive use figures were added
to these domestic use projections to obtain total non—lake municipal
consumptive water use. Projections to 2035 were obtained by
extrapolation.
2.1.2. U.S. Alternative Projections
2.1.2.1 Projection 2
This projection (Table 13) was extracted from the Great
Lakes Basin Framework Study.
1. Per capita usage rates were obtained from regional
planning studies and municipality records. OBERS SERIES C
population projections were used in the water use formulations.
Broad variations in per capita usage exist throughout the basin,
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2.1.2.2 Projection 3
This projection (Table 13) constitutes the NAS municipal
withdrawal and consumptive use estimates (67).
Water Withdrawal
1) Estimates of total domestic central system water use
for the Region were obtained from the original data used to compile
the USGS. Circular 765, "Estimated Use of Water in the United
States in 1975" (43). The original data was compiled by aggregated
subareas (ASA) for the NAS so no direct comparison can be made with
the subtotals in the published report. The 1975 central system
water withdrawals for the region were obtained directly as the
residual of total public systems withdrawal minus industrial and
commercial withdrawal.
2) 1975 USGS estimates of population served by central
systems were divided into the total withdrawal figures for each
A.S.A. to obtain a per capita withdrawal rate (Table 10). It was
assumed that increased water use for water—using appliances would be
counteracted by future water conservation measuresand therefore
these usage rates would remain constant over the projection period.
3) Estimates of population served by central systems for
1985 and 2000 were obtained from the U.S. Department of Agriculture
(USDA) report to the NAS on domestic water use. Projections of the
population served by central systems were based on the OBERS SERIES
E projections and rates of transition from self—supplied to
centrally supplied systems as determined from the 1950, 1960, and
1970 U.S. Censuses.
4) The USDA estimates of population served by central
systems for 1985 and 2000 were multiplied by the 1975 per capita use
rates to derive projections of domestic municipal withdrawals and
the projections were extrapolated to 2035 based on extension of
population trends.
Consumptive Use
1) 1975 estimates of consumptive use of domestic central
supplies in the NAS were derived from the ratio of total water
consumption to total withdrawals from public supply systems as
indicated in the USGS data. This method assumes that the ratio
between industrial, commercial and domestic central system users is
relatively constant. The withdrawal figures obtained for each of
these central system users were multiplied by the standard ratio to
derive consumptive use estimates for commercial and domestic
segments.
2) 1975 USGS estimates of population served by central
systems were divided into the domestic consumptive use figures for
each ASA to obtain a per capita consumptive use rate for each area
(Table 10).
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TABLE 12 U.S.: PERCENT DIFFERENCE OF OBERS E POPULATION
PROJECTIONS FROM STATE CENSUS FIGURES
  
LAKE BASIN 1975 2000
Superior +2.42 -8.31
Michigan +4.0 +3.2
Huron +0.9 +5.5
Erie +11.1 +14.4
Ontario +6.5 +12.9
Total +6.7 +8.0
Differences in the population projections are a result of
several factors including variation in census data boundaries,
sampling techniques, and projection methods. Neither data set
appears to contain sophisticated sampling or projection techniques
that should make it superior to the other.
The following procedure was used to develop Projection 4
water use projections:
1. State Census population data for counties within the
Great Lakes basin were aggregated bythe same basin sub—areas used
in the NAS.
2. The percentages of total population served by
municipal systems in each lake basin were calculated as the ratio of
municipal population determined in the NAS to total OBERS SERIES E
projections for each lake basin. These percentages were applied to
the State Census figures to determine the municipal population by
lake basin.
3. The municipal population in each basin was multiplied
by the NAS per capita withdrawal and consumptive use rates to derive
the withdrawal and consumptive use projections.
2.1.2.4 Projection 5
The movement toward water conservation has become
sufficiently active that a conservation scenario was thought to be a
viable projection of future water—use trends. The GLBC Great Lakes
Basin Plan Water Conservation Assessment in an analysis of
municipal, industrial, and agricultural water use concludes that the
greatest benefits from water conservation in the Great Lakes basin
would result from efforts in the municipal sector. An estimate of
10 percent reduction in total water withdrawals for municipal use
was chosen as a result of conversations with members of the
Commission staff. This figure was thought to represent a realistic
estimate of the average saving of water throughout the basin if a
moderate effort was successfully implemented (44).
The following procedure was used to derive Projection 5 (Table 13):
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ra
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0.9
0
to
obt
ain
con
ser
vat
ion
est
ima
tes
thr
oug
hou
t
the projection period.
2.2 Municipal Water Use: Canada
The
Gre
at
Lak
es
bas
in
is
one
of
Can
ada
's
mos
t u
rba
niz
ed
regi
ons,
with
abou
t 85
perc
ent
of t
he p
opul
atio
n in
the
basi
n se
rved
thr
oug
h c
ent
ral
ize
d w
ate
r d
ist
rib
uti
on
sys
tem
s.
The
est
ima
tio
n o
f
current and future municipal water use is therefore an important
com
pon
ent
of
the
ove
ral
l p
roj
ect
.
The
mun
ici
pal
wat
er
use
s i
ncl
ude
d
here are residential, commercial, institutional and system losses.
Man
ufa
ctu
rin
g w
ith
dra
wal
s f
rom
mun
ici
pal
sys
tem
s a
re
con
sid
ere
d i
n
Section 4.2.
2.2.1 Detailed Methodology for Municipal and Rural Domestic
Sectors
2.2.1.1 County Population Forecasts
Two sets of p0pulation forecasts formed the basis of
projecting municipal water use. These forecasts, prepared by
Ontario's Ministry of Treasury, Economics and Intergovernmental
Affairs (TEIGA) (13), reflect alternative assumptions as to
fertility, with net migration held constant at 50,000 persons per
year. The two levels of fertility are termed low and medium by
TEIGA. The high—fertility—based forecast was not used because
recent demographic trends indicate a trend to smaller families, and
consequently lower population growth. The forecasts used were
available by county, covering a period from 1971 to 2001. linear
regression equations using an exponential form were derived to
describe the population growth for each county and for each forecast
set. These were used to extend the available forecasts to 2035. In
mathematical terms:
Pi,t=Pi - ert (i=1...42
t t,t+5,t+10, ....,t+60)
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 where Pi’t = the present population in the county i in period t,
where t represents the base year 1975 and t = 60 is
the last forecast year 2035.
e = 2.71828...
r = annual average growth rate (as calculated from the 1971-2001
population forecast).
For each reporting year of the forecast period, a diagonal
matrix of county populations was formed, wherein the population
figures comprise the principal diagonal of the matrix, and all
off—diagonal elements are equal to zero. The notation Pi’t is
used to symbolize this matrix in time t.
2.2.1.2 Basin Disaggregation
Since many of the counties fall into two or even three
basins, the proportion of the total county population falling into
each basin had to be calculated. An analysis done at the Canada
Centre for Inland Waters (CCIW) gives population by lake basin from
1901 to 1971 (2), but, for the current research only the period 1951
to 1971 was used. Total county populations for the same period were
obtained from Statistics Canada. For each five—year interval, the
proportion of county population falling into each basin was
calculated, following which the time trend of the proportions was
analyzed. In most cases, the proportions were remarkably stable and
thus were left constant over the forecast period. Where a time
trend did exist, the method of three—period rolling averages was
used to project the proportions. Mathematically, this method is
summarized as follows:
Calculation of proportions
P. .
1,t,J
D. . =-—-———— i = l...42
l,t,J Pi t (
’ = t - 24, t — 19, t e 4
j = l...5
where Di,t,j = the proportion of county i's population in time t
residing in basin j
Pi t’j = the number of persons in county i in time period t
9 . .
also residing in ba51n J
P1 t = as defined above
9
Calculation of three—period rolling averages: The model is
calibrated for the period 1951~l971.
Di,t—5,j + Di,t,j + Di,t+5
_ = '= 1...
ma 3 (1 42
t=t—19,t—14,
t — 9)
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whe
re
Di,
t,j
= t
he
thr
ee-
per
iod
ave
rag
e p
rop
ort
ion
of
the
num
ber
of county i's population in time t residing in
basin j.
Ite
rat
ion
s o
f t
his
mod
el
pas
t t
—9
(i.e
. 1
966)
ent
ail
cal
cul
ati
ng
a
val
ue
for
D i
n y
ear
s a
fte
r 1
971.
To
do
this
, a
n a
ver
age
ann
ual
rat
e
of
cha
nge
Mi
(i
= l
...
42)
in
the
pro
por
tio
n o
f c
oun
ty
pop
ula
tio
n
res
idi
ng
wit
hin
eac
h b
asi
n w
as
cal
cul
ate
d f
or
the
per
iod
1951
to
1971. Then:
Di,t,j = Di,t—b,j Mi (1 = 1"'42)
000,
j: 10-05
where b = the number of years over which M1 is compounded. In
this case b = 5 in all cases.
After Bi,t,j's are calculated, diagonal matricies Di,t,j one
for each reporting period, are composed by allocating each 51 t,j
to a position on the principal diagonal of a matrix, with all
off-diagonal elements equal to zero.
2.2.1.3 Municipal Population Forecasts
The total county population forecasts must be split into
municipal and rural components. This involved analyzing the
municipal/rural split of population in each of the counties since
1951 and projecting it to 2035. The rolling average method was used
in projecting the municipal/urban split. Because of rapid
urbanization, use of the rolling average method often resulted in
forecasts which classified the entire population of a county as
municipal. When this occurred, a ceiling was placed on the
municipal proportion of the population, beyond which the
municipal/rural proportion for the county was held constant. This
ceiling was somewhat artificial, but was based upon the judgement of
the authors, taking account of overall population trends, locational
factors, etc.
In mathematical terms, the first step was to calculate the
municipal proportion of total population from 1951 to 1971, as
follows:
1’t (i=1...42,t=t—24,t—19,t-4)
i t P.
’ 1,t
where Mi,t = the municipal population of county i in year t.
 —
—
i
'
Second, calculate a long—term average annual rate of
cha
nge
in
E1
t,
bas
ed
upo
n t
he
1951
to
1971
per
iod
.
Usi
ng
thi
s
rat
e o
f c
han
ge
cal
cul
ate
the
pro
jec
ted
mun
ici
pal
pro
por
tio
n o
f
country population for the reporting periods to 2035.
Ei
,t
=E
i,
t_
b-
L2
4
(i
=1
..
.4
2;
t=
t,
t+
5
t+
60
)
where Li = the average annual rate of change in a county's
pOpulation over the 1951 to 1971 period.
b = the number of years over which the growth rate is
compounded. For 1971 to 1975, b = 4; for forecasts
after 1975, b = 5.
Third, for all reporting periods in the time frame,
calculate an average value of Ei,t, based on the rolling average
method. These values are designated Ei’t, and represent the
municipal proportions of county populations for future reporting
periods. These proportions were adjusted, as outlined earlier, in
cas
es
whe
re
the
y a
ppr
oac
hed
or
exc
eed
ed
one.
Fol
low
ing
thi
s
adjustment process, a diagonal matrix Ei,t was formulated for
each reporting period, wherein the individual Ei,t's form the
principal diagonal and all off—diagonal elements are zero.
2.2.1.4 Municipal Water Use Analysis
Two major municipal water uses are considered in this
section: domestic and commercial—institutional. The only reliable
Canadian source which provides data on these uses is the 1975
Nat
ion
al
Inv
ent
ory
of
Mun
ici
pal
Wat
erw
ork
s a
nd
Was
te
Tre
atm
ent
Systems (9). The individual municipal responses to this inventory
were used to develop per capita water use coefficients. These raw
coefficients show considerable variation among municipalities, as a
result of inconsistencies in measurements, misclassification of
wate
r us
e by
some
muni
cipa
liti
es,
unce
rtai
nty,
etc.
To a
llow
for
these errors, the following analysis technique was adopted:
a.
Ele
ven
gro
ups
of
cou
nti
es
com
pri
sin
g t
he
Gre
at
Lak
es
region were chosen. This was done because each county
by itself has insufficient uSeable data to permit
statistical analysis. The eleven groups are:
I: Lambton, Kent, Essex
II: Perth, Huron, Wellington
III: Bruce, Grey Dufferin
IV: Elgin, Middlesex, Oxford
V: Brant, Haldimand—Norfolk, Waterloo
VI: Hamilton—Wentworth, Niagara, Halton, Peel
VII
:
Sim
coe
,
Yor
k,
Met
rop
oli
tan
Tor
ont
o,
Ont
ari
o
VIII: Durham, Victoria, Peterborough, Haliburton,
Hastings, Northumberland
IX: Frontenac, Leeds, Grenville, Lennox and
Addington
X:
Alg
oma
, M
ani
tou
lin
, M
usk
oka
, N
ipp
iss
ing
,
Par
ry
Sound, Sudbury
XI: Thunder Bay
The
gro
upi
ngs
wer
e a
rbi
tra
ril
y m
ade
but
the
obj
ect
ive
was to obtain contiguous groups of counties with at
least 15 municipalities in each.
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b. The coefficients of domestic and
commercial—institutional water use per capita for each
of the eleven groupswere ordered from low to high.
c. To eliminate extreme values, the data falling below
the tenth percentile and above the ninetieth
percentile Were eliminated from each group.
d. The mean, median and standard error of the mean of
each group were calculated, following a logarithmic
transformation of the data.
e.
The mean and median coefficients were
selected as two
of
the values
to be
included
in
the
forecasting
model.
To account for the variation
in the means of
each
group,
coefficient
values
two
standard
errors
above and below the mean values were also
selected for
inclusion
in
the
model.
The
coefficients
thus
derived
were assumed to apply to each county in the respective
groupings. '
f.
System
losses
were
assumed
to
be
10
percent
of
the
sum
of
the
domestic plus
commercial—institutional
coefficients.
g.
The
result
of this
analysis
was
four
sets
of
water
withdrawal
coefficients
(i.e.
mean,
median,
mean
+
two
standard
errors
of
the
mean)
for
each
use
category
(i.e.
domestic
and
comnercial—institutional)
for
each
group of counties.
h.
Four
coefficient
matrices
were
formed
for
the
water
use
coefficients.
The
rows of
these matrices
are
the
individual
counties
and
the
columns
are
the
three
water
uses.
The
matrices
are
noted
as:
W1
=
average
water
withdrawals
per
capita
W2
=
median
water
withdrawals
per
capita
W3
=
low
water
withdrawals
per
capita
(i.e.
mean
—
2
standard errors)
W4
=
high
water
withdrawals
per
capita
(i.e.
mean
+
2
standard errors)
These coefficients are shown in Table
14 by the eleven
county
groupings
used
in
the
analysis.
They
show
considerable,
and
as
yet
unexplained,
variation.
The
mean
residential
water
use
coefficient,
for
example,
varies
from
a
low
of
53.7
gpcd
to
a
high
0f
100.4
gpcd.
Generally,
southern
and
southwestern
parts
of
the
basin
experience
lower
per
capita
usage
rates,
while
the
high
values
occur
in
the
northern
and
eastern
areas.
In
all
cases,
the
coefficient
distribution
was
found
to
be
skewed,
either
to
the
left
or
right
of
the
mean,
with
no
consistency
in
the
direction
of
skew.
0n
the
average
the
coefficients
for
residential
use
fall
within
+18
percent
of
the
mean.
‘—
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The mean commercial water use coefficients vary between
10.0 gpcd and 28.0 gpcd, with an areal variation similar to that
outlined for the residential coefficients. The band of variation is
quite broad, with the coefficients falling within +40 percent of the
mean. Again an unexplained skewness is apparent. _Sources of
variation in the two sets of coefficients rest mainly with
estimation problems and different classification methods used by the
respondents to the original survey.
2.2.1.5 Calculation of the Municipal Water Demands
i. To calculate the total county population in reporting
period t residing in each basin (Ci,t,j):
(Ci,t,j)
=
(Fiﬁ)
'
(Di,t,j)
(i
=
1...42
t=t, t+5, t+10, ...,
t + 60
j= 1...5)
ii. To calculate the municipal population of each county
residing in each basin Fi’t
yJ'
(Fi,t,j) = (Ei’t) ’ (Ci,t,j) (i = l--.42
t=t,t+5,t+10, ...,
t+60
j = l...5)
iii. To calculate municipal water
intake in three use
categories by basin:
(MWIE,j) = (Fi,t,j) ‘ T(Wn) (i = l...42
t=t,t+5,t+10, ...,
t+60
j = l...5
n = 1...4)
where
MWIE,j
=
total municipal
water
use
in
category
in
time
t
and basin j, for each of the n sets of
coefficients, where n = 4
Fi,t,j T = the transpose of Fi’t,j
iv.
Municipal
water
consumption
is
assumed
to
be
20
percent
of
total
withdrawal
(61).
Thus
total
water
consumption
by
category
and
by
basin,
MCE,j
is:
U .
MC:,3 = .20(Mw1nt,j)
(t=t, one,
t+60
j =10905
n =1...4)
 
 v. Rural residential water intake (RWI) is assumed to be
35 gallons per capita-day; 60 percent of which is
consumed. Thus:
RWItJ = 35(CLtj — FLtj)
Rc
t,
j
=
O'
6(
RW
It
/J
')
(t
=
t,
t
+
5,
t
+
1
0
,
t + 60
j= 1...5)
2.2.2 Assumptions
Two types of assumptions are built into the methodology. The
first type relates to demographic assumptions underlying the
population projections. The two alternatives selected employ the
same assumption about migration into the province at a level of
50,000 persons per year. They differ only in their fertility
assumption, one being designated a low fertility projection, the
other a medium fertility projection. The second type of assumption
relates to the reliability of the coefficients to reflect the
underlying variables of municipal water use. This assumption is
open to criticism (58) centering upon the inability of coefficients
to account for variables such as water availability, water pricing
structures, and several other sources of structural variation.
However, the coefficients approach is a standard one, and two
features of the present study permit its use. First, the level of
disaggregation is only to the lake basin level, a fairly broad one
in spatial terms. Thus, errors which might occur at the individual
municipal level are assumed to be compensating ones at the broader
level. The caveat mentioned above follows from this, namely that
the forecasts presented here cannot be disaggregated without
introducing undefined, but possibly critical errors. The second
mitigating factor is that the coefficients have been allowed to
assume four different values. Most of the variations in municipal
water use will be captured in this way.
2.2.3 Discussion of Results
2.2.3.1 Demographic Levels and Trends
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stu
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e
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TABLE 15 CANADA: MUNICIPAL POPULATION BY LAKE BASIN AND
SELECTED YEAR
(thousands of persons)
Lake Basin Year Population
Medium E9!
Superior 1975 128 128
1985 137 135
2000 144 139
2015 157 149
2035 173 161
Huron 1975 611 611
1985 752 745
2000 928 897
2015 1,184 1,127
2035 1,588 1,476
Erie 1975 1,253 1,253
1985 1,529 1,516
2000 1,930 1,864
2015 2,498 2,376
2035 3,447 3,197
Ontario 1975 3,909 3,909
1985 4,657 4,618
2000 5,690 5,510
2015 7,450 7,113
2035 10,665 9,945
St. Lawrence 1975 153 153
1985 165 164
2000 176 170
2015 193 183
2035 211 196
Great Lakes Total 1975 6,054 6,054
1985 7,240 7,178
2000 8,868 8,580
2015 11,482 10,948
2035 16,084 14,975
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CANADA:
MUNICIPAL
WATER
USE
FORECASTS
(cfs)
 
Lake Basin
Year
High Forecast
MLP
Low Forecast
Withdrawal
Consumption
Withdrawal
Consumption
Withdrawal
Consumption
Superior
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-
—
30
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-
—
1985
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10
40
10
30
10
2000
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10
40
10
30
10
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40
10
3O
10
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10
40
10
30
10
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—
—
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-
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110
20
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130
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40
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-
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30
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260
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-
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Cdn.
Great
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Total
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1. An estimate of the number of people served by
self—supplied systems in 1970 was determined with 1970 Census of
Housing data. Tabulations were made of population, total h0using
units and units without plumbing for counties in each ASA. Data
were also compiled for housing units with an individual well water
source and those with other water sources. The individual well
category describes a source which serves five or fewer houses.
Othe
r wa
ter
sour
ces
incl
ude
spri
ngs,
cree
ks,
rive
rs,
lake
s an
d po
nds.
The number of self—supplied systems was calculated by summing
the number of units with individual well and other water sources.
The percentage of total housing units with self—supplied systems was
obtained by dividing the number of self—supplied systems by the
total number of h0using units. Total population served by
self—supplied systems in 1970 was calculated by multiplying the
percent of units with self—supplied systems by the OBERS SERIES E
1970 population.
2. Projections of the population served by self-supplied
sys
tem
s w
ere
mad
eac
cor
din
g t
o t
he
fol
low
ing
met
hod
:
tab
ula
tio
ns
for the number of housing units supplied by public systems, private
com
pan
ies
, i
ndi
vid
ual
wel
ls,
and
oth
er
wat
er
sou
rce
s w
ere
mad
e f
or
196
0 a
nd
197
0 w
ith
Cen
sus
of
Hou
sin
g D
ata
.
The
sta
nda
rd
rat
e o
f
decline in numbers of self—supplied systems from 1970 was calculated
from this information and assigned to each ASA on the basis of
spe
cif
ic
sub
—ba
sin
cha
rac
ter
ist
ics
(76)
.
The
pop
ula
tio
n s
erv
ed
by
sel
f-s
upp
lie
d s
yst
ems
for
the
yea
rs
197
5,
198
5,
and
200
0 w
ere
cal
cul
ate
d b
y m
ult
ipl
yin
g a
n a
ppr
opr
iat
e r
ate
of
dec
lin
e t
ime
s t
he
spercentage of units with self—supplied systems in 1970 times the
OBE
RS
SER
IES
E p
opu
lat
ion
pro
jec
tio
ns
for
1975
, 1
985
and
200
0 f
or
each ASA.
The
197
0 p
opu
lat
ion
wit
hou
t
wat
er
und
er
pre
ssu
re
was
det
erm
ine
d
by
usi
ng
the
197
0 C
ens
us
of
Ecu
sin
g t
abu
lat
ion
and
the
pro
ced
ure
out
lin
ed
for
cal
cul
ati
on
of
tot
al
pop
ula
tio
n w
ith
sel
f-s
upp
lie
d
sys
tem
s.
197
0 p
opu
lat
ion
wit
h w
ate
r u
nde
r p
res
sur
e w
as
obt
ain
ed
as
the
res
idu
al
of
the
sel
f-s
upp
lie
d
sys
tem
s
pop
ula
tio
n
min
us
tho
se
without pressure systems.
3.
Di
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ra
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s
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e
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ti
ma
te
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g
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ra
re
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me
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no
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ec
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da
ta
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s
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ai
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e
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te
s.
Pe
r
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e
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ti
ma
te
s
we
re
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se
d
up
on
in
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rm
at
io
n
su
pp
li
ed
by
th
e
EP
A,
US
GS
Ci
rc
ul
ar
s
an
d
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mp
le
te
d
ri
ve
r
ba
si
n
st
ud
ie
s
(4
9)
.
Av
er
ag
e
pe
r
ca
pi
ta
us
e
es
ti
ma
te
s
ar
e
40
ga
ll
on
s
wi
th
an
d
10
ga
ll
on
s
wi
th
ou
t
pressure.
4.
Th
e
po
pu
la
ti
on
pr
oj
ec
ti
on
s
fo
r
pr
es
su
re
an
d
no
nh
pr
eS
Su
re
sy
st
em
s
fo
r
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75
,
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85
an
d
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00
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ip
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ed
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e
co
rr
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nd
in
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r
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iv
e
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l
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d
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iv
e
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e
du
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ng
th
e
fo
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st
pe
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.
Pr
oj
ec
ti
on
s
of
ru
ra
l—
do
me
st
ic
wa
te
r
us
e
fo
r
th
e
pe
ri
od
fr
om
20
05
to
20
35
we
re
de
ri
ve
d
by
ex
tr
ap
ol
at
io
n.
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3.2 Rural—Domestic Water Use: Canada
The current and projected water use figures for rural
residential purposes are given in Table 17. Two forecasts of rural
population described in Section 2.2 were used to project the water
use. All withdrawals for rural—domestic purposes are from non—lake
sources.
4.1 Manufacturing Water Use: United States
4.1.1 U.S. Concepts and Approach
Approximately 90 percent of U.S. manufacturing water
withdrawals are made by five industry groups:
food and kindred
products, paper and allied products, petroleum and coal products,
chemical and allied products, and primary metals processing (49).
Currently,
the greatest consumer of manufacturing water
is primary
metals processing and it is expected to maintain this ranking to
2035.
The greatest
rate increase in consumption within
the
manufacturing sector is projected for chemical and allied products
where
water consumption is expected
to quadruple between
1975 and
2000 (19).
Most of the manufacturing industries requiring large quantities
of water are located in the shoreline counties of the Basin and the
lakes serve as the source of water supply for over 90 percent of
current manufacturing needs.
This proportion is expected to remain
relatively constant to 2035 as the lakes continue to serve as a
source of abundant water (23).
Thus, the majority of the projected
increases in consumptive
use will be taken directly from the lakes.
A study undertaken by the Bureau of Economic Analysis indicates that
the least-cost method of meeting Clean Water Act goals for most
large manufacturing water users involves a high degree of
within—plant
reuse of treated and untreated wastewater
instead of
using water on a once-through basis.
The cost savings calculated by
the Bureau of Domestic
Commerce in new plant construction are so
substantial as to induce water reuse to the optimum level.
The
water
costs and savings may not be the same for existing
manufacturing operations as the difficulties encountered
in
retrofitting and spacing of equipment and piping would greatly
increase
capital
costs
(49).
This
information
influenced
the
development
of the most likely projections
for manufacturing water
use.
The figures were calculated on the basis of the assumption
that
currently
existing
industry
would
continue
to
recyle
water
at
a
relatively low rate while all new industry would institute recycling
at
relatively
high
rates.
The
low
rate
was
assumed
to
represent
best practicable technology (BPT)
for wastewater pollution control
while
the
high
rate
represents
the
best
available
technology
(BAT)
mandated by P. L.
95-217.
Rates were originally selected for the
NAS
as
a result
of
a
survey
of water
use
by
10,000
large
manufacturing plants (5).
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 Experience in Detroit with industrial water recyling indicates
that for economic reasons some existing industries are converting to
closed systems as means of recovering material products and
byproducts in addition to the apparent water quality benefits
derived from recycling (49). Effective cycling of industrial
waste—water could also promote compliance with federal drinking
water standards thus assuring state and federal efforts toward state
control over water treatment works and distribution systems. Thus,
additional incentives may be provided to industry in the future to
encourage conformance with such policies.
4.1.2 Most Likely U.S. Projection
The primary asumptions used to formulate the MLP (Table 18) are:
1) economic growth according to OBERS SERIES E projections.
2) institution of best available technology (high recycle
rate) in manufacturing water use systems coming on line after 1975.
3) the best practicable technology in 1975 within a major
industry group (low recycle rate) will be uniformly adopted by
existing industry within each group.
4) water withdrawals for new industry will decrease in direct
proportion to increases in consumptive use.
5) the relationship between water withdrawals and consumptive
use for industry existingin 1975 will remain constant throughout
the projection period.
The MLP water use estimates were derived from Projection 3 with
modification of the P.L. 95—217 compliance compliance assumption as
interpreted in the NAS. The NAS presumes that all industries will
incorporate the maximum attainable recirculation. The MLP was
formulated on the assumption that new industry, coming on line after
1975, will utilize best available technology with associated high
recirculation rates while industry existing in 1975 will continue to
use low recirculation rates. The high recirculation rate used for
new industry reflects the best available technology for pollution
control according to a 1975 Department of Commerce survey of 10,000
manufacturing plants. The low recirculation rates represent the
mean rate for each major manufacturing category which were assumed
to represent best practicable technology for the existing segment of
the manufacturing sector. Total manufacturing water use projections
are the sum of the increment of new manufacturing water use
estimates plus the existing 1975 water use. The procedure used to
derive the withdrawal and consumptive use projections is outlined
below.
1. Manufacturing earnings projections for the major industry
groups in each lake basin were obtained for 1975 to 2035 from OBERS
SERIES E projections and extrapolation of trends.
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4.2.1.1 The Input—Output Model
The econometric model of Canadian water use is based upon
the Ontario input—output (I—O) table for 1965. The input—output
methodology applied to water demand forecasting has been described
by several researchers (37). Thus, only a brief outline of the
model will be given. The manufacturing sectors used in the analysis
were based upon the 2-digit Standard Industrial Classification of
Statistics Canada (57).
The concept of an economic multiplier is a well—known
one. According to this concept any given expenditure on the
products of an industry will not only affect that industry, but also
the output of many other industries. This effect occurs because
industries are interconnected — for example automobiles with steel,
plastics, textiles and ultimately to seemingly unrelated industries
like food and beverages, paper, etc.
The multiplier is a measure of
how a given expenditure (e.g. $1 million) will affect the total
output of industry after all interactions have worked through the
system.
Input-output analysis is designed to examine these
interactions, as well as to examine the underlying structure of an
economy.
The basic tool of I—O analysis is an I—O table, of which
there can be several types.
Table 19 is a "square" table, with 25
rows and 25 columns in the intermediate demand section of the table,
one column for final demand and one row for value added.
The
intermediate demand sector of the table shows, reading across
the
rows, how the produce of each industry is distributed to every other
industry in the system.
Reading down the columns,
it shows how the
inputs used by each industry is derived from the industries in the
system.
The final demand column shows how much of each industry's
output is used by ultimate points of consumption, and is calculated
by aggregating private
(household) expenditures, government
expenditures and seVeral other types of expenditures.
The value
added or primary input sector, row 26, shows the amount of primary
input
(e.g. labour,
imports, etc.)
which is used by
eachindustry.
It should be noted that the I—0 table used includes all economic
sectors,
not just manufacturing
and mining.
This enables
the use of
the industrial model
for those
sectors as well.
The I—O results
were not used as extensively in agriculture
and power generation as
they were in manufacturing and mining.
To illustrate Table 19, consider the agriculture sector,
row
1,
column
1.
The
total
output
of
this
industry
in
the
base
year, 1965 was $1.706.8 million (row 1, column 27).
Of this total,
$604 million went to satisfy final demands as indicated in row 1,
column 26.
The remaining $1,102.8 million constituted
inputs both
to
agriculture
itself
and
to
other
industries.
For
example,
$113.6
million was used by the industry itself (i.e.
intra—industry
demand), none by mining, $781 million by food and beverages (row 1,
column 3), and so on across row 1 of the table.
The total value of inputs to the industry equals the total
value of outputs, and reading down the first column, one can see how
the inputs to agriculture were derived:
$113.6 million from the
industry itself, $2.2 million from mining, $162.4 million from food
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and beverages, and so on. Primary inputs (e.g. labour) were valued
at $897.6 million, as indicated in row 26, column 1. The table is
really a balance sheet, in which the total value of inputs in each
industry equalsits total value of outputs.
The basic I—O algorithm states that total demand (X) for
the goods produced in an economy is the sum of intermediate demand
(AX) plus final demand (F), where A is a 25 x 25 matrix of
proportions (called technological coefficients) showing how much of
each industry's production is used per dollar of output by each
industry in the intermediate demand sector of Table 20. In
mathematical terms:
(1) X = AX + F (X and F are 25 X 1 column vectors)
The object of this analysis is to show how a given change
in expenditure in any or all categories of final demand will affect
the output levels in all component sectors of the economy. Once
this has been done, the analysis proceeds to examine the effects of
these changed production levels on water use. To fulfill the first
objective requires mathematical steps which, although conceptually
simple, require the use of a computer when working with a table the
size of the one used here. Conceptually, these steps follow from
the first equation.
(2) X-AX=F
X(I — A = F (where I is a 25 x 25 identity matrix)
(3) X = (I — A)‘1'F (where (I — A)"1 is the inverse of
(I - A))
The process of matrix inversion is a common mathematical
tool, and in this case, shows how a unit increase (i.e. $1) in
expenditure in all sectors will ultimately change the production
levels in all sectors. After calculation of the inverse, this
algorithm allows calculations of the set of industrial outputs
required to satisfy a set of final demands.
The technical coefficients matrix, A, is derived from
Table 19, by dividing each entry in the intermediate demand sector
of the table by its respective column total, the result being shown
in Table 20. Each entry in Table 20 shows the amount spent on the
products of each industry per dollar of total input or output. This
matrix is then subtracted from an identity matrix of the same order
(i.e. 25 x 25) to give the (I — A) matrix of Equation 3 above. The
latter is then inverted mathematically to give the inverse (I -
A)“l, the transposed form of which is shown in Table 21.
Table 21 is the key one for the purposes of this study,
for it shows the total impact of unit expenditures in each industry
(via final demand) on all industrial sectors in the system.
Specifically, it shows the amount of production from each industry
at the top of the table required to deliver one dollar's worth of
final demand from each industry at the left. For example,
agriculture, industry 1, must produce $1.120 worth of output to
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22
CANADA;
HATER USE BY INDUSTRY FOR ONTARIO, 1971 (MILLION GALLONS PER DAY)
  
Total Hater
Company Hater System
Gross Hater
Industrial Group
Intake
Public
Surface
Ground
Use
Recircu1at1’on
Consumption
Mines & Mineral Fuels
93.600
0
81%
19%
93.600
0.000
10.400
Food 8 Beverages
103.335
63.579
31.180
7.898
138.159
34.824
9.279
Tobacco
0.568
0.568
0.000
0.000
4.676
4.108
0.278
Rubber & Plastics
268.250
254.180
10.197
3.454
331.040
62.790
1.611
Leather
2.672
2.425
0.166
0.061
2.989
0.317
0.277
Textiles, Knitting
44.508
10.481
32.425
0.820
68.414
23.906
1.189
Mills 8 Clothing
-
Hood, Furniture 8
5.276
2.242
2.915
0.117
5.828
0.552
0.476
Fixtures
Paper 8 A11ied Products
463.053
37.132
425.002
0.296
1559.567
1096.514
20.978
Printing 5 Publishing
1.525
1.479
0.000
0.046
12.501
10.976
0.064
Iron a. Steel
645.000
32.610
602.126
0.328
1051.000
406.000
14.819
Other Primary Metals
42.155
2.131
39.353
0.021
165.983
123.828
0.969
Metal Fabricating
13.543
11.691
1.402
0.450
25.287
11.744
0.737
Machinery
3.039
3.028
0.006
0.005
7.664
4.625
0.172
Transportation Equipment
103.979
32.859
71.083
0.036
176.201
72.222
3.222
E1ectrica1 Products
16.118
13.635
1.898
0.461
37.712
21.594
0.480
Non Metallic Mineral
27.611
4.815
16.248
3.056
50.291
22.680
3.610
Products
Petroleum 8 Coal
187.173
0.809
186.364
0.000
284.679
97.506
8.558
Chemicals 8 Chemical
713.167
25.440
678.639
1.035
955.042
241.875
37.960
Products
Misc. Manufacturing
5.230
4.432
0.484
0.074
15.146
9.916
0.216
Source
(58)
 
   
, VALUE OF OUTPUT AND HATER us: COEFFICIENTS av INDUSTRY FOR ONTARIO 1971
TABLE 23
CANADA-
NILLION GALLONS PER DAY MILLION 0 LL RS pan vs
  
Output Value Total Hater
Company Hater System Gross Hater
Industrial Group
$106
Intake
Public
Surface Ground
Use
Recirculation Consumption
Mines a Mineral Fuels
1020.7
.0916973
Unknown
Unknown Unknown
.0916973
0.0000000
.0101891
Food 5 Beverages
3918.6
.0263702
.0162248
.0079569 .0020155
.0352569
.0088868
.0023679
Tobacco
280.9 .0020218 .0020218 0.0000000 0.0000000 .0166447 .0146228 .0009897
Rubber & Plastics
700.6
.3829123
.3628282
.0145557 .0049304
.4725417
.0896293
.0022995
Leather
206.2
.0129558
.0117582
.0008049 .0002958
.0144929
.0015370
.0011009
Textiles, Knitting
1257.0
.0354083
.0083381
.0257956 .0006523
.0544266
.0190184
.0009459
Mills 8. Clothing
Hood, Furniture 1.
787.9
.0066962
.0028455
.0036997 .0001485
.0073968
.0007006
.0006041
Fixtures
Paper 8 Allied Products
1453.8
.3185152
.0255416
.2923416 .0002035
1.0727623
.7542471
.0144298
Printing & Publishing
871.1
.0017507
.0016979
0.0000000 .0000528
.0143509
.0126002
.0000735
Iron & Steel
915.7
.7043497
.0356106
.6575307 .0003582
1.1477079
.4433581
.0161832
Other Primary Metals
2185.6
.0192880
.0009750
.0180060 .0000096
.0759455
.0566575
.0004434
Metal Fabricating
2028.4
.0066767
.0057636
.0006912 .0002218
.0124664
.0057898
.0003633
Machinery
1512 . 6
.0020092
.0020019
. 0000040 . 0000033
. 0050669
. 0030577
.0001137
Transportation Equipment
5651.2
.0183993
.0058145
.0125783 .0000064
.0311792
.0127799
.0005701
E1ectrica1 Products
2029.6
.0079416
.0067182
.0009352 .0002271
.0185812
.0106397
.0002365
Non Metallic Mineral
722.6
.0382101
.0066634
.0224852 .0042291
.0695964
.0313863
.0049958
Products
Petroleum & Coa1
783.5
.2389077
.0010326
.2378751 0.0000000
.3633644
.1244567
.0109228
Chemica1s Ix Chanical
1787.4
.3989965
.0142330
.3796791 .0005791
.5343186
.1353221
.0212376
Products
Misc. Manufacturing
800.1
.0065368
.0055394
.0006049 .0000925
.0189304
.0123936
.0002700
 
Source (58)
  
where (I — A)T ‘1 = the transposed form of the inverse
(i.e. the matrix shown in Equation 3)
Wk = the matrix of water use coefficients for parameter k
(k =1,ooo,7)
WIk = the water use interactions matrix for parameter k
The water use interactions matrices show the amOunt of
water required (thousand gallons per day) by eachindustry from the
source indicated at the top of the table to satisfy one million
dollars worth of annual deliveries to final demand by each industry
at the left.
The water use interactions matrices can be used to project
water uses over a given period of time. The method used to project
final demand has been outlined,
and in terms of the model, a final
demand vector for each point in the future can be derived in this
manner.
When
the
elements
of
these new
final demand
vectors
are
multiplied by their
respective elements in any column of the water
use
interactions
matricies
and
the
products
summed,
the result
will
be a projection of water use
in the column industry.
In this way,
water
use
for
each
industry in
the
system
can be
obtained.
This
is
equivalent
to
transposing
the water
use
interactions
matrix
and
post—multiplying
by
the
column
vector
of
final
demands,
denoted
mathematically as:
WUk = (WIk)T ' F
where
WUk
=
the
vector
of
water
uses
for
parameter
k
at
a given point in the future
I
!
(WIk)T
the
transpose
of
the
water
use
interactions
matrix
for
parameter
k
The
resulting
interactions
matrices,
for
each
water
use
parameter
given
in
Table
19,
are
shown
in
Tate
(58;
pp.
185—212):
Table
49
Total
Water
Intake
Interactions
Matrix
Table
50
Public
Water
Intake
Interactions
Matrix
Table
51
Company
Surface
Water
System
Intake
Interactions
Matrix
Table
52
Company
GrOund
Water
System
Intake
Interactions
Matrix
Table
53
Cross
Water
Use
Interactions
Matrix
Table
54
Recirculation
Water
Use
Interactions
Matrix
Table
55
Consumptive
Water
Use
Interactions
Matrix
  
 4.2.1.4
Advantages
and
Limitations
of
the
Model
A
major
problem
encountered
in
projecting
water
demands
is
that
of
uncertainty
about
future
economic
growth,
trends
in
production
and
water
use
technology,
and
a
host
of
other
unforeseeable
developments.
Two
ways
around
this
difficulty
are
(i)
to
use
a
range
of
values
in
the
underlying
variables
of
the
model
(e.g.
growth
rates,
water
use
coefficients)
and
(ii)
to
build
a
"reactive"
type
of model
to
test a
series
of
"What
would
happen
if..." type of questions.
The
simple
approach
to
this
project,
used
to
develop
the
MLP,
was
to
assume
a growth
rate
for each
industry
and
apply
this
to
current
water
use
to
project
future
water
use.
All
variables
of
water
use
are assumed
constant
except
production
levels,
which
are
projected
with
a
constant
rate
of
increase.
This
gives
a
base
against
which
to
evaluate
other
projections,
even
thOugh
it
ignores
virtually
all
principles
of
water
demand
forecasting.
The model
developed
here
is
a much more
powerful
tool,
for
it
allows
testing
of
a wide
range of
assumptions.
The model
is
capable
of generating
water
demand
forecasts
based
on industry
growth rates, both as sets (i.e. high, medium or low rates in all
industries) or as selected combinations of high, medium or low rates
for individual industries.
In the section which follows a method is
developed for altering the water use coefficients.
The model is
capable of handling these alterations fairly simply by adjusting the
water use coefficient matrices.
An additional advantage of the
model relates to testing the impact on water use of changes in
specific industries. In the same manner that changes in expenditure
patterns (i.e. in final demand) will cause changes in employment, so
will they cause changes in water use. The former changes are
quantified by developing employment multipliers using an 1—0 table
(34). In a similar manner, water use multipliers can be developed
from the water use interactions tables.
One limitation of the model concerns the assumed constancy
of the I—0 technological coefficients (Table 20) throughout the
forecasting period. Much criticism of 1-0 models has concentrated
on this constancy assumption (29). Stated simply, the problem is
that the constancy assumption makes no allowance for technological
change, more efficient methods of production, economies of scale,
etc. While this problem is no doubt a major one, some preliminary
evidence for coefficient stability was derived by testing the
Canadian I-O model over a 10—year period. Regression analysis of
individual coefficients suggests no slope to the regression line,
indicative of coefficient constancy. Since the Ontario economy
forms a major part of the national economy, it is suggested that
this preliminary evidence of constancy extends to the Ontario I-O
table (15). Also, there is no reason that technological
coefficients cannot be altered in future periods, based on trend
line evidence, following methods suggested by Miernyk (37).
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 4.2.1.5 Current Water Use
The source of water use data for manufacturing was an
Environment Canada water use survey for 1972 (59). A breakdown of
water use by manufacturing sector is shown in Table 24. Seven
parameters of water use were developed during the project although
only two of these, total water withdrawal and total consumption, are
highlighted. Table 24 gives both the Ontario and the Great Lakes
water use statistics. Water withdrawal forecasts provide an
estimator of the volume of daily water use and water consumption an
estimator of instantaneous water loss.
Total water intake for the Ontario manufacturing
industries in 1971 was 4,940 cfs, and had increased to 5,870 cfs by
1975. Firms in the Great Lakes basin accounted for 95 percent of
total withdrawal, or 5,580 cfs. Gross water use in Ontario for 1975
totalled 10,880 cfs for Ontario, giving an overall use rate (i.e.
gross use divided by intake) of 1.85. Water consumption for 1975
was 230 cfs, resulting in a consumption rate of four percent. The
use and consumption rates for Ontario as a whole apply also to the
Great Lakes basin, resulting in a gross water use in the basin of
10,310 cfs and a water consumption of 220 cfs. Five manufacturing
sectors, chemicals, primary metals, paper and allied products,
rubber and plastics, and petroleum and coal, accounted for 78
percent of the total water withdrawals and 79 percent of total
consumption by manufacturing firms in the basin in 1975. The use
rates for these five industries average 2.03, ranging between 1.23
for rubber and plastics, and 3.39 for paper and allied products.
Consumption rates for these same industries average four percent,
reflecting the basin average, varying from a low of two percent for
pulp and paper to a high of five percent for both chemicals and
petroleum and coal.
Having approached water demand forecasts from the "top
down", it remains to break the forecasted basin totals into
sub—basins and into lake versus non—lake sources. Tb do so implies
a knowledge of future industrial location. This forced the simplest
of disaggregation techniques, namely the assumption that future
water use would be distributed among basins and sources as it is
currently.
This assumption is questionable, but seems reasonable
for the purposes of the overall study.
Table 25 contains data on current manufacturing water use
by lake basin.
The Lake Ontario basin, with 36 percent of the water
intake in 1975, dominates the current Great Lakes water use in
manufacturing.
Combined with Lake Erie and Lake Huron, these
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TABLE 24
CANADA: MANUFACTURING WATER USE BY SECTOR, 1971 AND 1975
(CfS) g .1
3‘.
Total Water Withdrawal Total Consumption 1%
Sector
Year
Ontario Great Lakes Basin Ontario Great Lakes Basin
$2
i;
Food and Bev. 1971 190 ' 170 20 20 ,§
1975 220 200 20 20 1%
Tobacco 1971 10 10 0 0 1?
197
5
10
10
o
0
ﬂ;
1‘31,
Rubber and
1971
500
500
10
10
g?
Plastics 1975 600 600 10 10 3i
Leather 1971 10 10 0 0
1975 10 10 0 0
Textiles, etc. 1971 80 80 0 0
1975 100 90 0 0
Wood, etc. 1971 10 10 0 O
1975 10 10 0 0
Paper and Allied 1971 860 650 40 30
1975 1,000 750 50 40
Printing, etc. 1971 10 10 0 0 :1
1975 10 10 0 0 '1
Iron and Steel 1971 1,200 1,200 30 30 1
1975 1,430 1,430 30 30 I
Other Primary 1971 80 80 0 O
Metals 1975 90 90 0 0 ‘
Metal Fabricating 1971 30 20 0 0 f1
1975 30 3O 0 0 1
Machinery 1971 10 10 0 0 ‘ :1
1975 10 10 0 0 Q
t 1
Trans
porta
tion
1971
190
190
10
10
'1
Equip
ment
1975
230
230
10
10
3
Ele
ctr
ica
l,
197
1
30
3O
0
0
Products 1975 40 30 0 0
’Nonametallic 1971 50 50 10 10
Mine
ral
Prod
ucts
1975
60
60
10
10
Petr
oleu
m a
nd
Coal
1971
350
350
20
20
197
5
41
0
41
0
20
20
Che
mic
als
197
1
1,3
20
1,3
20
70
70
19
75
1,
60
0
1,
60
0
80
80
Miscellaneous 1971 10 10 0 0
Mfg
.
197
5
10
10
0
0
‘
TOT
AL
MAN
UFA
C.
197
1
4,9
40
4,7
00
210
200
g‘
197
5
5,8
70
5,5
80
230
220
A
11
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TABLE 25 CANADA: MANUFACTURING WATER USE BY LAKE BASIN, 1975
Total Water Z Withdrawn Total-
Withdrawal from Lake Consumption
(cfs) (CfS)
Lake Superior 700 99 20
Lake Huron 1100 70 60
Lake Erie 1520 88 60
Lake Ontario 1990 90 70
St. Lawrence 260 90 10
TOTALS 5570 87 220
three basins account for 83 percent of the total water withdrawal.
Consumption rates vary amongst lake basins, from a low of 2.7
percent in Lake Superior to a high of 5.3 percent in Lake Huron.
This variation reflects the industrial composition of the basins.
The Lake Superior water use, for example, is dominated by the paper
and allied products industry, and the figures accordingly mirror
that industry's consumption rate of two percent.
On the basis of the 1971 water use information for Ontario
as a whole, the vectors of water use coefficients were developed.
The coefficient vectors for water withdrawal and consumption are
shown
in Table
26.
The vectors
were
used
in
conjunction
with
the
input—output model
to generate estimates of future water uses in
manufacturing.
4.2.1.6
MLP
Water
Use
Projection
for
Manufacturing
For
the
MLP
all
parameters
of
water
use
except
the
economic
production
level
are
held
constant.
Specifically,
the
technology
of
water
use,
as
reflected
by
the
withdrawal
and
consumption
rates,
is
assumed
constant,
as
is
the
pattern
of
inter-industry
production,
as
reflected
by
the
technical
coefficients of the I—0 model.
The
selection
of
economic
growth
rates
for
each
manufacturing
sector
is
critical
in
projecting
MLP
water
use.
The
empirical
basis
for
determining
this
set
of
growth
rates
was
the
real
value
of
shipments
(1971
dollars)
data
for
Ontario
since
1950
(56).
It
is
important
to
put
this
period
in
perspective.
While
Ontario
has
always
been
the
centre
of
the
Canadian
economy,
it
had
until
after
World
War
II,
a
relatively
small
economic
base
in
terms
of
industrial
diversification.
Since
the
war,
it
has
matured
into
a
relatively
strong
diversified
economy
with
well
developed
primary
metals,
petroleum
and
petro—chemicals,
pulp
and
paper,
and
food
and
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TABLE
26
CANADA:
WATER USE
COEFFICIENTS
FOR MANUFACTURING,
1971
(mgd/$106 of annual output)
 
10
11
12
13
14
15
16
17
18
19
20
Industry Total Withdrawal Total Consumption
Food & Bev.
0.0279344
0.0025084
Tobacco 0.0026085 0.0012767
Rubber & Plastic 0.3599379 0.0021616
Leather 0.0122965 0.0010447
Textiles, etc. 0.0346011 0.0009243
Wood, etc. 0.0080522 0.0007265
Paper & Allied 0.3592791 0.0162767
Printing, etc. 0.0019667 0.0000825
Iron & Steel 0.4678517 0.0107490
Other primary metals 0.0431389 0.0009916
Metal Fab. 0.0045882 0.0002497
Machinery 0.0046163 0.0002613
Trans. Equipment 0.0217472 0.0006739
Electrical Products 0.0085573 0.0002548
NOn Metal Min. Pr. 0.0405812 0.0053058
Pet
rol
eum
& C
oal
0.2
539
139
0.0
116
096
Che
mic
als
0.4
340
094
0.0
231
012
Mis
c.
Man
u..
0.0
072
706
0.0
003
003
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beverage sectors. 1b base long term growth rates on this 25nyear
period would probably bias the results of the water use forecasting
toward the high side. Nevertheless, the economic statistics from
this period had to be used in formulating a future growth pattern
for they are the best data available. The 25—year period was split
into five—year segments. Compound annual growth rates for each
period were then calculated, and three growth scenarios were.
formulated. The high scenario used the highest five~year growth
rate, the low scenario the lowest rate and the medium scenario the
median rate. These rates are shown in Table 27. For the MLP it was
assumed that growth in each industry would reflect the medium rate
of growth to 1985, the low rate of growth past 2000 and the average
of these two rates between 1985 and 2000. The forecasted economic
output resulting from this growth pattern is shown by industrial
sector in Table 28. Using the final demand projections as the
"driver" of the water use model results in the MLP projections of
water withdrawal Table 29 and consumption Table 30.
4.2.1.7 Alternative Projections for Manufacturing Water
Use
In order to demonstrate the alteration to the Canadian MLP
of manufacturing water use as a result of varying the underlying
assumptions of the model, five cases will be presented.
The first
alters the growth rate for each sector from the MLP to the high,
medium and low rates shown in Table 27.
These high, medium and low
scenarios set upper and lOWer limits on the MLP projection.
The
second alteration uses a set of constant growth rates based on the
last 25 years.
The third alteration of the MLP simulates changes in
the
technological
assumptions
abOut
water
use
by
altering
the
withdrawal and consumption rates.
The fourth simulation
shows what
would happen to water withdrawal and consumption in the Canadian
section of
the basin if the withdrawal and consumption rates for
Canada
took on
the
zero
pollutant
discharge
values
assumed
in
the
United States.
The last case combines the growth rate alternatives
with
the medium
technological
change
alternative
to
simulate
water
use under
a complex
set
of
future
assumptions.
4.2.1.8
Changing
Growth
Rates
—
Scenario
I
The
result
of
substituting
different
manufacturing
growth
rates
into
the
water
use
model
is
shown
in
Table
31.
The
high
set
of
growth
rates
from
Table
27
yields
average
water
use
increases
of
5.9
percent
per
annum.
Under
the
medium
set
of
growth
rates,
withdrawal
and
consumption
increase
an
average
annual
4.4
percent
for
both
parameters.
The
average
annual
increase
for
both
withdrawal
and
consumption
under
the
low
set
of
growth
rates
is
3.3
percent.
F—58
 TABLE—21
CANADA:
ALTERNATIVE
MANUFACTURING
GROWTH
RATES
FOR
O
N
T
A
R
I
O
,
1
9
7
5
—
2
0
3
5
‘
(Z)
Sector
Eigh
Medium
£33
Food
&
Beverage
5
3
2
Tobacco
4
2
1/2
1
Rubber & Plastics 6 4 1/2 2
Leather
3
2
1
Textiles,
etc.
3
2
1
Wood,
etc.
6
4
2
Paper & Allied 5 4 3
Printing, etc. 5 3 1/2 2 1/2
Iron & Steel
5 1/2
4 1/2
3 1/2
Other Primary Metals 5 1/2 4 1/2 3 1/2
Metals Fabricating
5 1/2
4 1/2
3 1/2
Machinery 7 5 3
Transportation
Equipment 7 4 1/2 3
Electrical Products 7 5 3 1/2
Non—Metallic Mineral
Products 6 4 1/2 3
Petroleum & Coal 6 4 1/2 3 1/2
Chemicals, etc. 6 4 3/4 4
Miscellaneous 5 4 1/2 4
Electrical Power 5 4 1/2 3 1/2
Agriculture 4 1/2 3 1/2 2 1/2
Mining 5 4 1/2 3 1/2
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In
du
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ry
Agriculture, etc.
Mines & M
inerals F
uels
Food
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vera
ges
To
ba
cc
o
Rub
ber
& P
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tic
s
L
e
a
t
h
e
r
Te
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il
es
,
Wood,
etc.
Pa
pe
r
&
Al
li
ed
Prin
ting
, e
tc.
Ir
on
&
St
ee
l
Oth
er
Pri
mar
y
Me
ta
ls
Metal
Fab.
Mach
iner
y
Tra
nsp
ort
ati
on
Equ
ipm
ent
Elec
tric
al P
rodu
cts
Non
—Me
tal
lic
Min
era
l
Pro
d.
Petr
oleu
m &
Coal
Che
mic
als
,
etc
.
Misc.
Manuf
actur
ing
Co
ns
tr
uc
ti
on
,
et
c.
Trans
porta
tion,
etc.
U
t
i
l
i
t
i
e
s
Com
mun
ica
tio
n,
etc
.
Ot
he
rs
etc.
CA
NA
DA
:
19
75
85
5
29
2
2,3
89
206
21
9
168
5
3
1
229
436
3
4
3
~400
-538
1,8
03
68
5
3,8
55
1,
61
1
13
7
26
8
65
7
50
6
3,6
73
2,8
18
179
6,
55
7
~4
32
27,
011
PROJ
ECTE
D F
INAL
DEMA
NDS
AND
TOTA
L O
UTPU
TS
BY
INDU
STRY
FOR
SELE
CTED
YEAR
S
1985
1,206
453
3,2
11
263
34
0
20
5
64
7
34
0
64
6
48
4
—4
98
-836
2,800
1,116
5,9
87
2,6
24
213
416
1,0
45
786
5,383
4,171
27
8
9,
70
6
~
6
4
0
40,346
($
mi
ll
io
n,
Fin
al
Dem
and
2000
2,020
87
7
4,628
33
9
56
2
25
4
805
5
2
4
1,0
77
750
-1,113
-1,
499
4,829
1,990
10,
325
4,8
64
36
8
75
4
2,0
14
1,463
9,695
7,5
12
53
8
17,
480
-1
,1
52
69
,9
04
2015
3,3
85
1,6
97
6,229
39
3
75
6
295
935
705
1,6
77
1,086
“1,865
-2,511
7,5
24
3,100
16,
086
8,1
49
57
3
1,2
49
3,6
26
2,6
34
17,
459
13,529
1,0
41
31,480
~2,
075
117,
157
1
9
7
1
)
2035
6,735
4,093
9,256
480
1,1
24
360
1,1
41
1,048
3,0
29
1,780
-3,
711
—4,996
13,589
5,599
29,053
16,
215
1,035
2,4
85
7,9
46
5,773
38
,2
56
29,
645
2,5
10
68,976
—4,548
198
,61
7
1975
2,442
1,309
4,163
240
889
235
1,3
92
76
7
1,5
08
89
0
1,
64
4
1,1
65
3,5
20
80
0
5,7
02
2,2
89
811
879
1,978
858
4,598
6,206
739
9,9
32
2,735
57,
691
1985
3,4
45
2,032
5,5
95
30
8
1,380
287
1,697
1,135
2,2
32
1,255
2,553
1,810
5,4
66
1,303
8,8
55
3,729
1,2
60
1,365
3,1
47
1,332
6,8
06
9,186
1,1
48
14,
701
4,408
86,
075
To
ta
l
Ou
tp
ut
2000
5,7
72
3,933
8,0
64
396
2,279
357
2,1
12
1,
75
1
3,7
21
1,946
4,5
76
3,2
44
9,4
27
2,325
15
,2
70
6,9
12
2,1
73
2,447
6,0
61
2,4
81
12,
257
16,543
2,221
26,476
7,2
91
150,
035
2015
9,670
7,612
10,
853
460
3,067
414
2,451
2,356
5,7
97
2,818
7,666
5,4
34
14,
687
3,
62
2
23,790
11,581
3,3
85
4,099
10,
915
4,468
22,
074
29,793
4,299
47,
682
13,
130
252,123
2035
19,
241
19,
358
16,
128
56
1
4,557
505
2,991
3,5
01
10
,4
71
4,618
15,
255
10,813
26,
526
6,
54
2
42,968
23,043
6
,
1
1
4
8,1
57
23,
915
9,7
91
48,368
65
,2
81
10,
368
104,477
28,
770
511,
319
 
 The
medium
set
of
rates
from
Table
27
produces
water
use
estimates
which
are
very
close
to
those
for
the
MLP.
The
overall
growth
in
water
use
for
the
latter
was
4.5
percent.
For
individual
lake
basins,
variances
betWeen
the
base
case
and
the
medium
growth
rate
scenarios
may
be
up
to
15
percent.
The
range
of
water
use
estimates
produced
by
the
alternative
growth
rate
scenario
is
wide,
although
it
does
bracket
the
MLP,
which
lies
in
the
bottom
part
of
the range.
4.2.1.9
Changing
Growth
Rates
—
Scenario
II
The
second
simulation
of
future
water
use
was
based
on
output
from
the
CANDIDE
model
of
the
Canadian
economy,
regionalized
for the Great Lakes basin in a study for the Canada Centre for
Inland
Waters
(54).
The
results
of
this
simulation
are
also
shown
in Table 31, under the columns labelled "historic".
This particular
label
is
used
because
the
CANDIDE model
employs
econometric
equations based upon historic data.
As outlined earlier, this
growth scenario
is probably too high to be considered an accurate
forecast.
4.2.1.10 Water Use and Technological Change
One of the most important factors affecting industrial
water use is the technology used in circulating water through
plants. Changes designed to recirculate more water will lead to
reductions in water demand. They may or may not affect water
consumption. Thus, it is important in making defensible water
demand forecasts that technology be taken into account explicitly
(3).
One way of approaching the technological change problem is
empirically, through examining changes over time in the use rate and
the consumption rate. The use rate is the ratio of gross water use
to water intake. The consumption rate is the ratio of water
consumption to gross water use. The difficulty in using this
approach is the non—existence of an appropriate time series of water
use data in Canada. However, water use surveys have been conducted
in the U.S. by the Department of Commerce every four or five years
(5), and the published results of these surveys are an appropriate
place to begin an analysis of technological change as it affects
water use.
For each major industry, except agriculture and thermal
power generation for which no data could be found, the published
U.S. data were used to develop use rates and consumption rates for
1954, 1959, 1964, 1968, and 1973. It was assumed that trends in
these rates reflect the evolving state of water use technology.
Since the U.S. has a somewhat more watermintensive industry (with
higher use and consumption rates generally), technological impacts
on water use can be examined by allowing Canadian water use patterns
to assume the parameteric values associated with the U.S. data.
Specifically, for each industry, the method allOWed the Ontario use
and consumption rates to assume the high, medium and low U.S. values
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TABLE 29 CANADA: PROJECTED MANUFACTURING WATER WITHDRAWALS BY LAKE BASIN
W
(cfs)
Basin Industry 1975 1985 2000 2015 2035
Lake Superior Chemical & Allied Products 10 10 3O 50 120
Primary Metals 390 610 1,100 1,840 3,660
Paper & Allied Products 290 430 710 1,100 1,990
Petroleum & Coal Products 0 - — — —
Rubber & Plastic Products 0 - — - a
Others 10 10 10 20 30
TOTAL 700 1,060 1,850 3,010 5,800
Lake Huron Chemical & Allied Products 330 520 1,000 1,800 3,930
Primary Metals 50 80 140 230 460
Paper & Allied Products 290 430 720 1,120 2,020
Petroleum & Coal Products 0 - — — -
Rubber & Plastic Products 410 630 1,040 1,400 2,080
Others 30 4O 6O 90 150
TOTAL 1,110 1,690 2,950 4,630 8,640
Lake Erie Chemical & Allied Products 1,020 1,620 3,120 5,620 12,300
Primary Metals 60 10 10 20 50
Paper & Allied Products 10 10 10 10 10
Petroleum & Coal Products 250 390 710 1,180 2,350
Rubber & Plastic Products 20 30 50 60 100
Others 220 330 540 830 1,460
TOTAL 1,520 2,380 4,440 7,720 16,270
Lake Ontario Chemical & Allied Products 150 240 460 820 1,810
Primary Metals 1,070 1,670 2,990 5,000 9,950
Paper & Allied Products 80 120 190 300 550
Petroleum & Coal Products 160 250 450 750 1,490
Rubber & Plastics Products 170 260 420 570 840
Others 360 500 800 1,180 2,030
TOTAL 1,990 3,030 5,300 8,630 16,670
St. Lawrence Chemical & Allied Products 90 140 280 510 1,110
River Primary Metals - - — 10 10
Paper & Allied Products 100 150 250 380 690
Petroleum & Coal Products — - — — —
Rubber & Plastic Products 10 10 10 20 30
Others 60 80 110 150 220
TOTAL 260 380 650 1,050 2,050
Great Lakes Chemical & Allied Products 1,600 2,530 4,880 8,790 19,270
Primary MEtalS 1,520 2,360 4,240 7,100 14,120
PaPer & Allied Products 760 1,120 1,870 2,910 5,260
Petroleum & Coal Products 420 640 1,150 1,930 3,850
Rubber & Plastic Products 600 920 1,520 2,050 3,050
Others 680 960 1,530 2,270 3,890
TOTAL
5,570
8,550
15,200 25,050
49,430
Figures may not add due to rounding
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TABLE
30
CANADA:
PROJECTED
MANUFACTURING
WATER
CONSUMPTION
BY
LAKE
BASIN
W
(cfs)
m
1975
1985
2000
2015
2035
Lake
Superior
Chemical
&
Allied
Products
—
—
10
10
10
Primary Metals
10
10
10
20
30
Paper & Allied Products
10
20
40
60
100
Petroleum
&
Coal
Products
-
—
—
—
—
Rubber
& Plastic
Products
—
—
—
—
_
Others
—
10
10
10
10
TOTAL
20
30
50
80
140
Chemical
&
Allied
Products
40
60
120
220
470
Primary Metals — _ - _ 10
Paper & Allied Products
10
20
40
60
100
Petroleum & Coal Products
-
-
—
—
—
Rubber
&
Plastic
Products
10
10
10
10
10
Others
10
10
10
10
10
TOTAL
60
90
170
290
600
Chemical & Allied Products
30
50
90
170
380
Primary Metals
~
—
10
10
10
Paper & Allied Products — — — — —
Petroleum
&
Coal
Products
20
3O
50
80
150
Rubber & Plastic Products
—
-
—
10
10
Others
10
20
3O
40
70
TOTAL
60
90
170
300
610
Lake Ontario
Chemical & Allied Products
10
20
40
70
160
Primary Metals 30 50 90 140 290
Paper & Allied Products
10
10
10
10
30
Petroleum & Coal Products 10 10 10 10 20
Rubber & Plastics Products
~
—
10
10
10
Others 20 30 50 70 120
TOTAL 70 110 190 320 620
St. Lawrence
Chemical & Allied Products
-
10
10
10
10
Primary Metals - - - - -
Paper & Allied Products 10 10 10 20 4O
Petroleum & Coal Products — — — - -
Rubber & Plastic Products — — — — ~
Others 10 10 10 10 10
TOTAL 10 10 20 30 60
Great Lakes Chemical & Allied Products 90 130 260 470 1,030
Primary Metals 40 50 100 160 320
Paper & Allied Products 40 60 90 140 260
Petroleum & Coal Products 20 30 50 90 180
Rubber & Plastic Products 10 10 10 10 20
Others 40 60 90 130 220
TOTAL 220 340 600 1,010 2,030
Figures may not add due to rounding
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TABLE 31
Y
e
a
r
1975
1985
20
00
2015
2035
19
75
1985
2000
2015
2035
1975
1985
20
00
2015
2035
1975
19
85
2000
2015
2035
1975
1985
20
00
2015
2035
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75
19
85
2000
2015
2035
CA
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:
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ASI
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ND
SEL
ECT
ED
YEA
R
(cf
s)
H
i
g
h
1,
21
0
2,
64
0
5,7
50
16,
280
2,0
10
4,6
40
10,
750
33,
200
2,880
6,9
80
16,
960
55,
700
3,580
8,1
90
18,
840
57,
760
450
97
0
2,1
30
6,2
40
10
,1
30
23,420
54,
440
169,
170
Med
ium
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0
1,0
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1,9
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50
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1,1
00
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6,0
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14,220
1,520
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8,630
20,720
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3,0
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0
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0
1,
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0
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0
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5
0
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1,430
3,3
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8,6
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16,
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33,
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n
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gh
0
40
90
19
0
520
60
150
340
1,0
20
150
35
0
85
0
2,750
120
280
640
1,950
20
50
110
310
400
910
2,110
6,550
Medium
20
4
0
6
0
120
270
60
70
10
0
19
0
450
6
0
12
0
230
440
1,0
50
70
100
190
350
830
10
20
3
0
6
0
130
220
350
62
0
1,160
2,730
MAN
UFA
CTU
RIN
G W
ATE
R U
SE
PRO
JEC
TIO
NS
UND
ER
VAR
YIN
G E
COM
OMI
C
L
o
w
30
5
0
8
0
15
0
5
0
80
140
270
110
19
0
33
0
700
9
0
140
230
450
20
3
0
4
0
9
0
290
490
82
0
1,650
Historic
30
50
9
0
210
180
35
0
870
100
1
9
0
370
9
1
0
110
220
42
0
130
10
20
40
9
0
340
66
0
1,280
3,100
 This set of simulations allows conclusions to be drawn on what will
happen to water demands if water use patterns change in intensity
during the forecast period.
Data on the parametric values used are shown in Table 33,
based upon the five annual surveys conducted in the U.S. between
1954 and 1973. The use and consumptive rates are shown because they
are the parameters of water use thought to be important in analyzing
future water use. The gross use per employee parameter is used to
relate economic output to water use. According to the methodology,
the various Canadian parameters were allowed to assume, in turn, the
high and the low U.S. values over the 60—year life of the forecast
in linear increments. Then a medium scenario was calculated by
averaging, for each forecast year, the high and low values. The
gross use per employee figure was used, after conversion to gross
use permillion dollars of output, to calculate newcoefficients for
the water use model, which, when applied to the MLP forecasts of
output, enabledthe computation of new gross water use amounts for
each forecasting year.
An example of the method for projecting parametric values
is given in Table 32. Working with the set of data on use rates
from Table 33, the figure for 1975 is the most current Canadian
measure of this parameter. The figures for this parameter for 2035
are the highest and lowest values from the corresponding array in
Table 33, for the high and low respectively and the average of these
two figures.
TABLE 32 CANADA: USE RATE MANIPULAIIONS, FOOD AND BEVERAGE INDUSTRY
Use Rate
Year High Medium Low
1975 - 1.330 —
1980 1.465 1.418 1.370
2000 1.668 1.549 1.430
2015 1.870 1.680 1.490
2035 2.140 1.855 1.570
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Ind
ust
ry
Yea
r
M
3
2
W
2
3
Food & Beverage 1954 2.14 -0501
1959 2.08 .0408
1964 1.57 .0605
1968 1.66 .0431 .
1973 1.96 (1.33)4 .0373 (.0883)
Tobacco 1954 3.67 .0909
1959 14.67 .0227
1964 21.33 .0156
1968 12.83 .0130
1973 20.00 (8.23) .0100 (.0468)
Textiles 1954 1.15 -l754
1959 1.35 .0824
1964 1.82 .0483
1968 2.13 .0549
1973 2.39 (1.53) .0423 (.0278) 3
Lumber & Wood 1954 1.20 .1580
1959 1.31 .0761
1964 1.44 .1290 |
1968 2.03 .0390
1973 1.66 (1.10) .1396 (.0231) 1
Furniture & 1954 1.14 .3750
Fixtures 1959 1.33 -2500
1964 1.33 -
1968 1.50 ~
1973 1.50 (1.10) ~ (.0599)
paper & Allied 1954 2.37 .0391
Industries 1959 3.12 .0187 .
1964 1.41 .0222 1
1968 2.90 .0267 f
1973 3.37 (2.42) .0140 (.0129) E
Chemical & Allied 1954 1.60 .0314
Industries
1959
1.61
.0343
1
1964 1.98 .0273 E
1968 2.10 .0320 1
1973 2.66 (1.34) .0167 (.0293)
Petroleum & Coal 1954 3.33 .0214
3
1959
4.45
.0199
3
1964
4.41
.0131
1968
5.08
.0299
9.13 (1.52) .0106 (.0242)
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 Leather & Leather 1954 1.10 .0909
    
Products
1959
1.16
-
1964 1.00 .1429
1968 1.25 .0500
1973 1.25 (1.11) — (.0687)
Non—Metallic 1954 2.23 .0435
Minerals 1959 1.64 -
1964 1.56 .0797
1968 1.65 .0799
1973 2.17 (1.82) .0568 (.1383)
Primary Metals 1954 1.28 .0323
1959 1.53 .0266
1964 1.46 .0430
1968 1.55 .0397
1973 1.79 (1.77) .0208 (.0154) 3.
Machinery 1954 1.34 — :5
1959 1.46 .0239 'f
1964 1.73 .0292 ,3
1968 1.79 .0237 g
1973 2.56 (2.52) .0137 (.0400) 1
Electrical 1954 1.14 .1846 1%
Equipment 1959 1.71 .0314 51
1964 2.69 .0511 :1
1968 2.91 .0243 f?
1973 10.02 (2.34) .1160 (.0103) '1
'1
Transportation 1954 1.41 .0492 f
Equipment 1959 2.01 .0594 :1
1964 2.49 .0150
1968
2.91
.022
0
1
1973 8.12 (1.71) .0076 (.0296) f
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_
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9
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3
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00
*1
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4
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9
.04
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.0
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1
1973 2.17 (2.90) — (.0507)
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 Under the extensive water use future, water intake will be
relatively large because recirculation, as reflected by the use
rate, will be relatively low. It follows that consumption will be
relatively low in the face of low recirculation. The reverse
reasoning can be applied to selection of use and consumption rates
for the intensive water use future. Both rates will be high for
this alternative. Since the Subject of interest here is the
technology of water use Within plants, gross use is held constant at
the MLP rates.
The simulation results are shown in Table 34 in aggregated
form for all manufacturing sectors. For the extensive water use
scenario, water withdrawal increases at an average annual rate of
4.0 percent. Consumption, on the other hand, will increase by a
slower rate of 3.3 percent. This scenario represents what would
happen if Canadian water use patterns reflected the most extensive
patterns experienced in the U.S.
Under the medium set of assumptions, the average annual
growth rate for water withdrawal decreases to 3.4 percent, while
that for consumption increases to 4.2 percent. This scenario
produces results relatively close to the MLP.
The set of assumptions denoting the most intensive water
use results
in average annual growth of 3.0 percent and 4.9 percent
respectively over the current figures, and will be the result if the
intensity of water use in Canada approaches
the maximum
intensity
yet experienced in the United States.
4.2.1.11 Simulation Using U.S. MLP Parameters
Previously,the
impact
was
shown
of
trends
toward more
intensive
water
use
in
the
U.S.
For
forecasting
purposes,
these
trends
are
reflected
in
the
substantial
changes
in
withdrawal
and
consumption
rates.
In
order
to
examine
the
impact
that
similar
assumptions
would
have
on
Canada,
the
use
and
consumption
rates
inherent
in
the
U.S.
Projection
2
(NAS)
were
applied
to
Canadian
gross
use
estimates
as
developed
in
the
MLP.
Since
the
parametric
rates
for
the
U.S.
were
available
only
to
2000,
the
assumption
was
made
that
the
2000
rates
would
apply
to
all
subsequent
years.
This
simulation
for
Canada
is
the
exact
analogy
to
the
U.S.
Projection
2,
the
only
difference
being
in
the
underlying
economic
growth
rate
and
the gross water use figures.
The
results
of
this
simulation
are
shown
in
Table
35.
This
table
is
somewhat
different
in
its
format
than
comparable
ones
for
other
simulations
because
it
is
necessary
to
show
gross
water
use
and
the
two
parametric
rates,
in
addition
to
projected
withdrawal
and
consumption.
For
1975,
the
withdrawal
and
consumption
rates
shown
in
the
table
should
be
compared
to
the
corresponding
rates
in
Table
32
to
show
base
year
differences
in
Canadian
and
U.S.
water
use
patterns.
The
overall
results
of
these
base
year
differences
is
a
slight
(25
cfs)
overestimate
of
Canadian
withdrawals
and
a
100
percent
larger
estimate
of
consumption.
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TABLE 34
CANADA:
MANUFACTU
RING WATE
R USE UND
ER VARYIN
G TECHNOLO
GICAL ASS
UMPTIONS
(cfs)
Basin
Year
Water Wit
hdrawal
Consumptio
n
Extensive
Medium
Intensive
Extensive
Medium
Intensive
Lake Superior 1975 — 700 — — 20 —
1985 1,200
1,110 1,050
40 4O
40
2000
2,400
2,040
1,820
60
90
180
2015 4,510 3,510 2,960 110 170 220
2035 10,480
7,280 5,700
240 420
610
Lake Huron 1975 - 1,070 — - 60 -
1985 1,740
1,590 1,490
50 60
60
2000 3,160
2,620 2,290
90 110
130
2015 5,270
3,930 3,220
140 200
260
2035 10,880
7,040 5,250
280 460
660
Lake Erie
1975 -
1,520 -
‘
60 —
1985 2,260
2,040 1,920
100 110
120
2000 4,000
3,280 2,890
150 190
230
2015 6,620
4,960 4,120
210 310
400
2035 13,130
8,770 6,760
330 590
860
Lake Ontario 1975 — 1,990 - — 70 -
1985 3,130
2,910 2,770
100 110
120
2000 5,750
4,970 4,500
170 220
260
2015 9,940
8,020 6,950
280 410
530
2035 21,180
15,730 12,890
590 1,020
1,470
St. Lawrence 1975 - 260 —
River 1985 410 370 350 20 20 20
2000
770
620
540
30
4O
40
2015 1,870 990 800 40 60 80
2035
3,030
1,860
1,360
70
140
210
TOTALS 1975 - 5,570 — - 220 —
1985 8,750
8,030 7,580
300 340
370
2000 16,090 13,520 12,050 500 650 760
2015 27,710
21,410 18,050
790 1,160
1,490
2035 58,700 40,690 31,960 1,520 2,640 3,800
Columns may not add due to conversion and rounding.
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TABLE 35 CANADA: MANUFACTURING WATER USE SIMULATION
— ZERO DISCHARGE OF POLLUTANTS
   
Water
Industry Year Gross Use U.R. Withdrawal C.R. Consum.
Food and Beverage 1975 260 1.37 190 .1039 20
Textile 120 1.43 80 .1439 10
Paper and Allied Products 2,570 2.24 1,150 .0224 30
Chemicals and Chemical 2,130 1.51 1,410 .032 40
Products
Petroleum and Coal Products 620 2.51 250 .0742 20
Primary Metals 2,860 1.37 2,090 .1343 280
Transportation Equip. 380 2.2 170 .1209 20
Others ‘ 910 1.93 470 .0558 30
Total
9,870
5,820
450
Food and Beverage
1985
350
3.77
90
.3097
30
Textile
150
11.0
10
.3333
10
Paper and Allied Products
3,800
6.02
630
.2518
160
Chemicals and Chemical
3,390
11.52
300
.2831
80
Products
Petroleum and Coal Products
980
14.67
70
.3957
30
Primary Metals
4,180
5.58
750
.4775
360
Transportation Equip.
600
9.3
60
.4478
30
Others
1,670
7.19
230
.2359
50
Total
15,130
2,150
740
Food and Beverage
2000
510
6.5
80
.5913
50
Textile
180
13.0
10
.5
10
Paper and Allied Products
6,340
11.61
550
.7844
430
Chemicals
and
Chemical
6,540
25.78
250
.761
190
Products
Petroleum
and
Coal
Products
1,750
32.27
50
.802
40
Primary Metals
7,500
11.85
630
.7934
500
Transportation
Equip.
1,030
19.23
50
.7425
40
Others
2,800
11.89
240
.4599
110
Total
26,650
1,870
1,370
Food
and
Beverage
2015
680
6.5
110
.5913
60
Textile
210
13
20
.50
10
Paper
and
Allied
Products
9,880
11.61
850
.7844
670
Chemicals
and
Chemical
11,780
25.78
460
.761
350
Products
Petroleum
and
Coal
Products
2,940
32.27
90
.8021
70
Primary
Metals
12,590
11.85
1,060
.7934
840
Transportation
Equip.
1,600
19.23
80
.7425
60
Others
3,990
18-89
210
.4599
100
Total
m
778%
2,150
Food
and
Beverage
2035
1,020
6.5
160
.5913
90
Textile
260
13.0
20
.50
10
Paper
and
Allied
Products
17,840
11.61
1,540
.7844
1,210
Chemicals
and
Chemical
35,800
25.78
1,000
.7608
760
Products
Petroleum and Coal Products
5,850
32.27
180
.8021
140
Primary Metals
25,000
11.85
2,110
.7934
1,680
Transportation
Equip.
2,890
19.23
150
.7425
110
Others
_6.500
11.89
550
.4599
250
Total
85,170
3
7
0
0
4.250
Columns may not add due to rounding
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The
same
U—shaped
configuration
as
noted
for
the
U.S.
Projection 2 occurs for Canadian water withdrawal under this
simulation.
It is extremely unlikly that this simulation will occur
in the absence of regulatory and economic instruments to promote
such an outcome in Canada. The result of this simulation is
reported solely for illustrative purposes and comparison with the
U.S. National Assessment Study.
4.2.1.12 Water Use Ranges Based on Simulation Runs
Because water use data collection in Canada is relatively
recent, insufficient measurements exist to allow a statistical
approach to this forecasting exercise. The simulation approach
taken here is an alternative and allows the selection of a range of
water use estimates around the MLP (Figures 7 and 8). A wide range
of alternatives have been covered in these forecasts, and it is
improbable that future manufacturing water use will fall Outside of
the indicated band, excluding the lowest curve. Trends in
environmental control, even in Canada, will induce more
recirculation (i.e. higher use rates) in the future than experienced
currently with attendant increases in water consumption. The high
growth rate future can probably be diSmissed because the growth
rates are thought too high to be experienced in a mature industrial
economy such as Ontario's. Eliminating this scenario, Table 36
gives the MLP water use projection together with the best estimate
of its upper and lower limits.
5.1 Mining Water Use: United States Most Likely Projection
Estimates of mining industry water requirements in the Great
Lakes region, based on the standard water withdrawal rates and
consumption percentages (Table 37) as applied to the OBERS SERIES E
mineral earnings were developed by the U.S. Bureau of Mines (USBM)
in a three step procedure (77):
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TAB
LE
36
CAN
ADA
:
MAN
UFA
CTU
RIN
G W
ATE
R U
SE
RAN
GES
FOR
THE
GREAT LAKES BY SELECTED YEARS
(cfs)
Water Withdrawal Water Consumption
Yea
r
MLP
Hig
h
Low
MLP
Hig
h
Low
1975
5,5
70
—-
--
220
~—
——
1985 8,550 8,750 7,580 340 360 300
2000 15,200 16,090 12,050 600 790 500
2015 25,050 30,600 18,050 1,010 1,700 790
2035 49,430 72,500 31,960 2,030 4,800 1,520
NOTE: High water consumption estimate represents a combination of high
growth and intensive technology assumptions.
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3. Estimates of water withdrawals and conSumptive uSe for 1975,
1985 and 2000 were made by; a) multiplying 1972 water withdrawals by
the earnings change rates for each mineral group and, b) determining
average consumption percentages of water withdrawals for each
mineral group.
TABLE 37 U.S.: WATER USE RATES & PERCENTAGES FOR THE MINERAL INDUSTRY
Industry Category Withdrawals Z Consumed Z Recirculation
(Gal/1972
production dollar)
Metals 92 14.5 88.2
Nonmetals 163 13.3 94.4
Fuels 52 55.2 60.0
4. Projections of mineral industry water withdrawals and
con
sum
pti
on
wer
e o
bta
ine
d b
y e
xtr
apo
lat
ing
the
USB
M d
ata
to
2035
.
5.2 Mining Water Use: Canada
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Basin
Lake Superior
Lake Huron
Lake Erie
Lake Ontario/
St. Lawrence
TOTALS
TABLE 38
CANADA:
 
MINING WATER USE PROJECTIONS
 
Year
1975
1985
2000
2015
2035
1975
1985
2000
2015
2035
1975
1985
2001
2015
2035
1975
1985
2000
2015
2035
1975
  
(cfs)
Withdrawal
High MLP Low
10 10 10
20 20 20
40 30 3O
80 50 40
210 100 90
110 110 100
180 170 160
380 310 270
800 520 450
2120 1040 890
10 10 10
10 10 10
20 20 10
40 30 20
110 60 40
10 10 10
10 10 10
10 10 10
10 10 10
40 20 10
130 130 130
190
310
520
1040
Consumption
High MLP Low
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
20 10 10
40 20 20
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10
30 20 10
70 40 3O
F-78
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2. Estimates of livestock production were derived from the
OBERS SERIES E projections of human p0pulation which were translated
into historical trends of commodity demands.
Projected livestock
production was allotted throughout the region on the basis of the
population projections.
3. The relationship between numbers of livestock and
associated commodities produced were estimated for each ASA with
data from 1970 Agriculture Census reports. This information and the
water use rates were used to develop conversion factors representing
daily stockwater requirements divided by commodity produced.
Conversion factors were assigned to each ASA in the region by visual
interpolation of the state factors. These factors were assumed
constant for 1975, 1985 and 2000 with no allowance for changes in
livestock composition or production efficiencies.
4. The projected annual livestock water requirements for the
period 1975 to 2000 were determined by multiplying the stock water
use rates times the projected livestock production figures.
Consumptive use rates are assumed to be 100 percent of withdrawal
rates. This may not be true in all cases of stock water use, but
quantities of return flow are extremely difficult to estimate and
are considered to be negligible in this study. Therefore,
withdrawal figures also represent consumptive use. Projections of
water withdrawals and consumptive use for the period 2005 to 2035
were derived by extrapolation.
6.2 Rural—Stock Water Use: Canada
The projection of livestock water use involved a forecast of
the number of animals by category. The categories used were beef
cattle, dairy cattle, pigs, lambs and sheep, and poultry. It was
assumed that dairy and meat products from Ontario livestock were
destined for Ontario markets; no account was taken of either exports
or imports. This assumption seems reasonable since Ontario is not a
large exporter of livestock or foodstuffs; it also simplifies the
forecasting process because it allows overlooking possible
export-import effects. In forecasting the number of animals by
category, the variable used was per capita consumption of meat
products for which statistics are available back to 1939; a time
series from 1945 to 1977 was used for this study. The procedure
inv
olv
ed
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res
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n a
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s,
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h t
ime
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the basis of a study by Bangay (1), which contains data back to 1931.
The estimated livestock distribution amongst basins in 1975 is
shown in Table 40. When these numbers are multiplied by the
coefficients of water use shown in Table 40 (39) and then
aggregated, the resulting water withdrawal for the basin is 80 cfs.
The projection equations for each type of livestock are given in
Table 39. When the numbers of livestock are projected and
translated into water use, the total withdrawal increases at an
annual growth rate of 1.6 percent. All water withdrawals for
stockwatering are considered here to be consumed.
A high stockwatering estimate was computed using meat and dairy
consumption figures 20 percent above the MLP amounts. The low
estimate used meat and dairy consumption figures 20 percent below
the MLP; in addition the low estimate is based on the low population
projection (Table 14). With the changed assumptions built into the
projection model, water use for stockwatering attains a high
estimate of 270 cfs and a low estimate of 170 cfs by 2035. These
represent annual increases of 2.0 percent and 1.2 percent
respectively over the forecast period.
7.1 Irrigation Water Use: United States Most Likely Projection
The NAS figures for agricultural water withdrawals and
consumption were developed by the state offices of the U.S.
Department of Agriculture (USDA) and the Soil Conservaton Service
(SCS). The methodology used to obtain this data consisted of six
steps (63):
1. Estimates of cropland acreages for each type of crop in
each ASA were compiled from OBERS SERIES E projections of
agricultural development and the SCS state crop production reports
for 1975, 1985 and 2000-
F-82
  
 TABLE 39 CANADA: EQUATIONS FOR PER CAPITA MEAT AND DAIRY PRODUCT USE
Product Type of Maximum Equation Standard
Equation Value error of
(lbs/yr) estimate
Beef Logistic 125 Lan — l ) = —l.23 — .066X .80
Y 125
Dairy Exponential na Ln Y = 4.39 — .004X .49
Pigs Constant na Y = 55 na
Poultry Logistic 40 LnQL — l ) = 3e8 — .118X .92
Y 40
Mutton Constant na Y = 3 na
where Y = per capita value in pounds/year
X = year, with 1975, as 75, 1980 as 80,
.. 2000 as 100, ... 2035 as 135
F—83
 
TABLE 40
Livestock Type
Dairy Cattle
Beef Cattle
Pigs
Sheep
Poultry
CANADA:
Population (1,000 Head)
Su
pe
ri
or
Hu
ro
n
Er
ie
On
ta
ri
o
4 164 179 149
21 972 676 443
18 , 646 904 277
1 58 35 35
2,007 6,021 14,049 12,042
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496
2,112
1,845
129
34,119
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Coefficients
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2. Crop consumptive irrigation requirement coefficients for
normal and high irrigation efficiencies for 1975 and 2000 were
calculated by the SCS Special Projects Division to correspond with
crop acreages in each water resources sub—area in each state. Crop
consumptive irrigation requirements were computed with the use of a
modified Blaney—Criddle method (63) that incorporates average
monthly temperature and precipitation, crop type and water
consumption, soil type, residual soil moisture, crop maturity,
planting and harvesting dates, and length of day in consumptive use
estimates.
3.
Monthly annual
irrigation water use coefficients were
developed
to reflect crop requirements and current and future water
use
efficiencies.
These
coefficients were
derived
as
a function
of
crop consumption requirements and estimates of irrigation system
conveyance
and
on—farm
application
efficiencies.
Conveyance
and
on—farm
application
efficiencies
were
compiled
from
existing
irrigation
records
and
USDA
reports
for
1975,
1985
and
2000.
The
assumed
trend
in
irrigation
water
use
efficiency
reflects
future
improvements
in
irrigation
system
delivery
and
water
management
such
as
lining
and
piping
of
irrigation
canals
and
ditches,
regulated
headgate
operation,
and
efficient
types
of
irrigation technology.
4.
Total
water
use
coefficients
were
multiplied
by
total
cropland
acreage
to
obtain
estimates
of
water
requirements
for
agriculture
for
1975,
1985
and
2000.
Precipitation
records
for
the
region
Were
used
to
determine
the
historical
quantities
of
water
supplied
by
rainfall
per
acre
of
cropland.
The
difference
between
the
total
crop
water
requirement
and
the
historical
rainfall
supply
was
taken
as
the
total
irrigation
water
requirement.
5.
Crop
consumptive
use
coefficients
were
applied
to
withdrawal
figures
for
various
areas
to
obtain
total
consumptive
use
estimates.
6.
Projections
of
irrigation
withdrawals
and
consumptive
use
to
2035
were
obtained
by
extrapolation.
The
methodology
used
to
project
the
water
demands
for
golf
course
irrigation
is
based
on
the
following
sequence:
1.
Estimated
demand
in
acres
through
2020
by
lake
basin
was
extracted
from
GLBC,
App.
15,
p.8.
This
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based
on
Bureau
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R
e
c
r
e
a
t
i
o
n
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projected
p
a
r
t
i
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i
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a
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n
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and
O
B
E
R
S
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C
population
projections.
2.
D
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b
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s
u
p
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l
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i
n
e
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h
l
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k
e
b
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s
i
n
a
n
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a
p
p
l
y
these
factors
to
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supply
through
2020
based
on
the
a
s
s
um
p
t
i
o
n
that
g
o
l
f
course
c
o
n
s
t
r
uc
t
i
o
n
will
continue
in
the
future.
The
GLBC
assumed
no
c
o
n
s
t
r
uc
t
i
o
n
after
1980.
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 3. Adjust projections of golf c0urse acreage down to reflect
OBERS SERIES E population projections.
4. Apply water application rates from the GLBC App. 15
(Tables 15—6, 15—12) to golf course acreage to determine water
volumes required to irrigate this total acreage.
5. Project population and participation rates to 2035 and
apply to irrigation needs.
6. Adjust water needs down to reflect assumption that only 75
percent of designated golf course acreage is actually irrigated.
This constitutes the projected water withdrawal for golf course
irrigation (Table 41).
7. Although soil types vary throughout the basin, average
consumption on golf courses is assumed to be 75 percent of
withdrawals (GLBC, App. 15). This factor was applied to estimate
consumptive water use (Table 41).
Water required for use on public lands constitutes a small
proportion of the total irrigation water requirements. This
includes water used in national parks and forests, and lands
adninistered by the Bureau of Land Management for timberland and
wat
ers
hed
irr
iga
tio
n,
hum
an
and
ani
mal
use,
fire
pro
tec
tio
n,
and
recreational and mining activities.
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m e
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TABLE
41
U.S.:
GOLF
COURSE
IRRIGATION WATER
USE
(cfs)
 
Withdrawal
 
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
2020
2025
2030
2035
Superior
2
3
3
3
3
4
4
4
4
4
4
4
4
4
Michigan
31
37
43
49
55
61
66
71
76
80
85
9O
94
99
Huron
1
1
2
2
2
2
3
3
3
3
4
4
4
4
Erie
54
56
57
58
6O
61
62
65
68
71
74
77
80
83
Ontario
9
10
12
13
14
16
17
18
19
19
20
21
22
23
 
97
107
117
125
134
144
152
161
170
177
187
196
204
213
Consumption
F
-
8
8
Superior
2
2
2
2
2
3
3
3
3
3
3
3
3
3
Michigan
23
28
33
37
41
45
50
53
57
60
64
67
71
74
Huron
1
l
1
2
2
2
2
2
2
3
3
3
3
3
Erie
40
42
43
44
45
46
46
49
51
53
55
58
60
62
Ontario
7
8
9
10
11
12
13
13
14
15
15
16
16
17
73
81
88
95
101
108
114
120
127
134
140
147
153
159
  
 The forecasts for agriCultural, recreational, and public land
irrigation were summed to obtain irrigation totals.
7.2 Irrigation Water Use: Canada
Few data exist on irrigation water use in Ontario. Statistics
Canada commenced publication of irrigated acreages in 1960, and then
only on a 10—year time interval. Using the compound growth rate
between 1960 and 1970, the 1970 irrigated acreages were updated to
1975 (about 110,000 acres). For all counties wholly or partly
within the Great Lakes basin, for which irrigated acreages were
reported, it was assumed that 100 percent of that acreage was
contained within the basin. Using an average coefficient of 5.87
inches of water per acre (80), the land area was converted to water
use. Consumption was taken at 50 percent of withdrawal (39).
Irrigated areas were allocated amongst lake basins on the basis of
population distribution. This procedure is not correct strictly
speaking, but was adopted in the absence of any better
dis
tri
but
ion
al
dat
a.
A c
orr
ect
dis
agg
reg
ati
on
wou
ld
inv
olv
e a
detailed land use survey of the basin. Data on golf course
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iga
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o
Gol
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s A
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n (
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f c
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was assumed that 100 percent of this water was consumed.
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h
a
su
bs
ti
tu
ti
on
wi
ll
oc
cu
r,
an
d
th
at
th
e
gr
ow
th
in
de
ma
nd
fo
r
ir
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ga
te
d
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op
s
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re
la
te
d
to
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pu
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ti
on
gr
ow
th
,
ir
ri
ga
ti
on
wa
te
r
us
e
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pr
oj
ec
te
d
on
th
e
ba
si
s
of
th
e
me
di
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po
pu
la
ti
on
sc
en
ar
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r
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ti
on
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e
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te
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lo
pi
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nd
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P
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e
fo
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Th
e
hi
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t
mo
re
la
nd
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th
e
ML
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Th
e
lo
w
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ti
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r
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lf
co
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ga
ti
on
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es
th
e
lo
w
po
pu
la
ti
on
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ma
te
;
th
e
hi
gh
pr
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ec
ti
on
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a
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o
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en
t
pO
pu
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ti
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s
ba
si
s
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.
a
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ra
te
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go
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co
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ex
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n
th
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th
e
ex
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ed
p0
pu
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ti
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gr
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th
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Th
e
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e
us
e
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e
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e
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e
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r
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d
go
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co
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ti
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r
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e
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r
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ra
te
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9
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CANADA:
IRRIGATION WATER USE BY LAKE BASIN AND SELECTED YEAR
 
Basin
Y
e
a
r
H18
(cfs)
Cropland Irrigation
Withdrawal
h
MLP
Low
Consumption
High
MLP
Low
Golf Course Irrigation
Withdrawals
&
Consumption
High
MLP
Low
Withdrawal
Hi
gh
Tot
al
M
L
P Low
Consumption
Hi
gh
M
L
P
L
o
w
Lake Superior
Lake Huron
Lake
Erie
Lake Ontario/
St. Lawrence
TOTAL
Figures
may
not
1975
1985
2000
2015
2035
1975
1
9
8
5
2000
2015
2035
1975
1985
2000
20
15
2035
1975
1985
2000
2015
20
35
1
9
7
5
1985
2000
2015
2035
10
10
10
20
8
0
90
120
170
20
20
30
40
110
130
160
230
10
1
0
10
10
2
0
60
60
80
100
140
10
10
2
0
20
3
0
70
9
0
110
140
1
9
0
10
1
0
10
10
50
6
0
8
0
110
10
10
20
3
0
70
9
0
110
150
add
due
to
rounding.
1
0
1
0
10
1
0
4
0
50
6
0
8
0
10
1
0
10
20
50
6
0
8
0
110
10
10
10
10
10
3
0
30
4
0
5
0
7O
10
1
0
10
10
20
40
4
0
50
7
0
90
10
10
10
10
30
30
40
60
10
1
0
10
10
4
0
40
60
80
10
10
10
10
10
2
0
30
4
0
20
3O
4
0
50
30
4
0
60
80
7O
9
0
120
190
10
10
10
10
10
10
1
0
20
2
0
30
2
0
20
2
0
3
0
4
0
30
3
0
40
50
6O
60
70
8
0
100
140
10
1
0
10
1
0
10
20
20
3
0
2
0
2
0
30
4
0
30
4
0
4
0
60
70
80
100
120
10
10
10
1
0
2
0
30
4
0
60
100
120
160
220
50
60
9
0
120
170
220
290
410
10
10
10
1
0
10
2
0
2
0
30
3
0
50
8
0
80
100
130
180
4
0
4
0
60
7
0
90
130
150
190
240
330
1
0
10
10
1
0
2
0
3
0
30
4
0
70
8
0
110
150
4
0
50
6O
90
140
170
210
290
10
10
10
1
0
2
0
3
0
4
0
50
60
80
100
130
4
0
50
7
0
100
120
160
200
300
10
10
10
10
10
20
20
3
0
30
4
0
50
50
60
80
110
40
4
0
50
6O
80
9
0
110
130
170
240
1
0
10
10
10
2
0
3
0
3
0
4
0
5
0
5
0
7
0
1
0
0
4
0
50
50
70
100
1
2
0
150
210
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 growth
rate
of
1.2
percent.
There
is
a
simple
linear
relationship,
therefore,
betWeen
the
variation
in
irrigated
land
and
water
use,
that
is,
a
20
percent
change
in
the
amount
of
land
irrigated
produces
a
20
percent
change
in
water
use.
The
range
of
water
use
for
golf
courses
represents
rates
of
increase
of
2.0
percent
and
1.4
percent respectively.
8.1 Power Generation Water USe: United States
8.1.1 U.S. Most Likely Projection
The
figures
(Table
48)
representing
the most
likely projections
for power withdrawals and consumptive use were derived in the
following steps:
1. Total power plant capacity within each lake basin was
calculated with information provided by the Great Lakes Basin
Commission Framework Study,
the 1979 East Central Area (ECAR) and
Mid America Interpool Network (MAIN), coordinated bulk electrical
supply reliability c0uncil reports, and the 1980 Atomic Industrial
Forum.
The Framework Study provided the base generation for 1970 and
plants scheduled for construction through 1980. Data from the
reliability council and Atomic Industrial Forum reports were used to
eliminate those plants scheduled or already removed from service,
update reported plant capacities, and add those plants scheduled for
construction by 1989.
2. Total nuclear and non—nuclear plant capacity for each ASA
was combined to determine total power generation within each lake
basin. Information ab0ut types of plants was obtained from the
cited reports. Total fossil plant capacity in terms of megawatts
(MN) for each lake basin were multiplied by a constant 4.15 and
nuclear plant capacities were multiplied by a factor of 6.72 to
obtain gigawatt hours (GW.h) generation.
Projected total thermal pOWer generation in the region,
percentage change in total generation, and the portion expected to
be supplied by nuclear plants are shown in Table 45.
3. Relationships between nuclear and fossil fueled power
generation and water usage with both once through and closed cycle
cooling systems were calCulated by data averaging (Table 43). These
water use rates Were derived from power and water use data and
background information in the Framework Study and 1978 National
Assessment Study.
They reflect 1) nuclear plants currently require approximately
50 percent more condenser water with once through coolingand
approximately 1/3 more with closed cycle cooling than fossil—fueled
plants of equal size and 2) the conversion from once through to
closed cycle cooling results in a 96 percent decrease in withdrawals
and a 130 to 160 percent increase in consumptive use.
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TAB
LE
43
U.S
.:
AVE
RAG
E W
ATE
R U
SE
RAT
ES
FOR
FOS
SIL
AND
NUC
LEA
R P
OWE
R P
LAN
TS
Pla
nt
Typ
e
Wit
hdr
awa
l
Rat
e
Con
sum
pti
ve
Use
Rat
e
(cfs/GWH) (cfs/GWH)
On
ce
Cl
os
ed
On
ce
Cl
os
ed
ThrOugh Cycle Through Cycle
Fossil .1978 .0081 .0021 .0054
Nuclear .2967 .0108 .0032 .0073
4.
Wat
er
wit
hdr
awa
l a
nd
con
sum
pti
ve
wat
er
use
rat
es
bas
ed
on
the
mix
of
fos
sil
fue
led
and
nuc
lea
r p
lan
ts
ant
ici
pat
ed
to
203
5
(Table 45) and on the projected percentage of once through and
clo
sed
cyc
le
coo
lin
g s
yst
ems
(Ta
ble
44)
wer
e c
alc
ula
ted
for
fiv
e
year increments through the projection period.
TABLE 44 U.S.: MIX 0F COOLING SYSTEMS ANTICIPATED BETWEEN 1975 AND 2035
Year Oncezthru Closedzcycle
1975 94.5 5.5
1980 89.2 10.8
1990 59 41
2000 41 59
2020 24 76
2035 18 82
5. Powar generation estimates for nuclear and fossil fueled
plants within each lake basin were then multiplied by the
appropriate water use factors and summed to obtain total water
withdrawal and consumptive use projections to 2035. Although power
growth rates in individual lake basins may range from 1.06 to 8.86
percent, the basin—wide average growth rate in power demand was 4.09
percent from 1975 to 1980 and is projected to be 4.7 percent from
1980 to 2000 based on new and planned construction. Water
withdrawals and consumptive use are assumed to increase in relation
to a four percent annual increase in power demand through 2035 in
accordance with the current conservation estimates of power
generation increases made by the power utilities.
6. The proportion of water obtained from lake (Table 46) and
non—lake scurces was estimated from Federal Energy Regulatory
Commission (FERC) projections of future plant sitings according to
the expected location of power markets and availability of water
supplies. These percentages Were applied to the MLP to obtain water
volume estimates from each source.
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TABLE 45
U.S.:
THERMAL ELECTRIC POWER GENERATION, PROJECTED
CHANGE, AND NUCLEAR PORTION OF TOTAL (MLP)
 
Total Generation
(Gigawatt Hours)
Change in Total
Generation (Z)
 
1975 1985 2000 2035 1975— 1975- 1975—
Lake BaSin 1985 2000 2035
Superior 3,500 3,890 7,200 29,800 11 106 751
Michigan
62,900
100,210
198,430
754,000
59
215
1,099
Huron 12,190 21,930 44,870 170,340 80 268 1,297
Erie 67,450 86,870 160,110 608,130 29 137 802
Ontario/
St. Lawrence 16,360 38,250 89,580 411,540 134 448 2,412
Total 162,400 251,150 500,200 1,973,820 55 208 1,115
Nuclear Portion of Total (Z)
1975 1985 2000 2035
0 0 0 0
24 41 46 46
18 32 36 36
6 13 16 16
2 21 92 6_3
Total 20 34 39 39
TABLE 46 U.S.: PERCENTAGE OF TOTAL WATER USED FOR POWER GENERATION
EXTRACTED FROM THE GREAT LAKES
1975 1985 2000 2035
Lake W C W C W C W C
Superior 82 82 86 86 86 86 88 86
Michigan 80 84 83 86 85 87 86 88
Huron 7 7 3 3 2 2 2 2
Erie 62 62 72 75 81 85 85 90
Ontario/
St. Lawrence 80 85 88 91 95 96 98 98
F-95
W (Withdrawals)
C (Consumptive Use)
 
8.1.2 U.S. Alternative Projections
8.1.2.1 Projection 2
1. This projection is extracted from the GLBC Framework
Study and was accomplished by the Federal Power Commission (FPC)
using 1970 data (18) (Table 47). The power and water use
projections for the period from 1970 to 1980 were obtained from the
responsible reliability councils by a procedure similar to that
described for the NAS (Projection 3). Only that power generation
drawing from the water resources within the Great Lakes basin was
included in this analysis.
Projections of future power requirements through 2020 were
made by regional advisory committees appointed to assist the FPC in
updating the National Power Survey. The committees relied primarily
on extrapolated projections made by the major utilities in the
region, and OBERS SERIES C projections of population and economic
growth (18).
2. Another significant assumption made by the Framework
Study was that fossil fueled plants would be phased out at the end
of their useful life and that nuclear plants would supply 98 percent
of energy needs by 2020. Greater efficiency and the use of less
condenser water by the nuclear plants was expected to be achieved by
1980.
3.
Projections of water withdrawals and consumptive use
for the period from 2020 to 2035 were derived by the application of
a 5.25 percent annual rate of power growth that was assumed by the
FPC for the period prior to 2020.
8.1.2.2 Projection 3
1.
Collection
of
power
data
to
be
used
as
input
to
the
Great
Lakes
portion
of
this
the
NAS
projection
(Tables
47
and
48)
was
directed
by
the
Chicago
Regional
Office
of
the
Federal
Energy
Regulatory
Commission.
The bulk of
the
present
and
projected
power
generation
data
was
supplied
to
the
FERC
office
by
the
six
electric
reliability
councils
including
the
Mid-American
Interpool
Network,
the
East
Central
Area
Reliability
Coordination
Agreement,
the
Northeast
Power
Coordinating
Council,
the
NEW
York
Power
Pool,
the
Mid—Atlantic
Area
Coordination
Group,
and
the
Mid—Continent
Reliability
Coordination
Agreement
whose
networks
include
portions
of
but
do
not
coincide
with
the
boundaries
of
the
Great
Lakes
basin.
These
councils
are
responsible
for
overseeing
the
electric
power
utilities
facilities
expansion
and
rate—setting
activities
(65).
2.
Current
and
projected
power
capacity
figures
for
the
period
from
1975
through
1995
were
obtained
directly
from
the
utilities
forecasts.
Projections
of
power
demands
were
based
on
considerations
of
expected
demographic
changes,
area
economic
changes,
increased
electric
rates,
effects
of
energy
conservation
efforts,
the
substitution
of
electricity
for
scarce
fossil
fuels,
scheduled
load
changes,
load
saturation
areas,
and
other
factors.
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 TABLE 47
U.S.:
THERMAL ELECTRIC POWER GENERATION, PROJECTED
CHANGE, AND NUCLEAR PORTION OF TOTAL FOR PROJECTION 3 (NAS)
Total Generation
Change in Total
Generation (Z)
(Gigawatt Hours) 1975- 1975“
Lake 1975 1985 2000 1985 2000
Superior 3,334 3,761 36,655 13 999
Michigan 85,995 141,286 308,756 64 259
Huron 5,650 9,836 36,126 74 539
Erie 70,674 147,850 316,305 109 348
Ontario/
St. Lawrence 16,948 35,579 123,480 110 629
182,600 338,310 821,322 85 350
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Nuclear Portion
of Total (Z)
1975
O
32
O
O
37
17
1985
0
64
0
48
47
53
2000
94
83
78
68
73
76
Demand within a specific area is unlikely to match generation in
that same area. The utilities also provided annual estimates of
water withdrawals, return flows, types of power plants in operation
and rates of water consumption for the period from 1975 to 1990 to
the reliability c0uncils (65). The water demand forecasts were
obtained by extrapolation of the historical trends of each power
market area (PSA) using regression and correlation analysis. The
extrapolations were adjusted to reflect scheduled major load
changes, effects of energy conservation, and pollution abatement
requirements.
3. The information supplied by the councils covered
power and water needs for 80 percent of the Great Lakes region; the
FERC office prepared estimates for the remaining 20 percent. This
was accomplished by extrapolation of the council figures to 100
percent of estimated population and industrial needs.
Population
and industrial use forecasts and location of urban and industrial
centers were used to derive a best estimate of the distribution of
the anticipated power and water demands.
4. FERC used the OBERS SERIES E population and economic
growth projections
to extend
the 1985 projections of power and water
use to 2000.
Anticipated increase in use of electricity in the
total energy picture was
factored into
the projection.
5.
Projections
of
water
withdrawals
and
consumptive
use
for
the
period
from
2000
to
2035
were
derived
by
applying
a
four
percent
annual
power
growth
rate
as
compared
to
the
6.2
percent
growth
rate
used
from
1975
to
2000.
This
method
assumes
achievement
of
a
steady
state
condition
for
withdrawals
and
consumptive
use
due
to
the
institution
of
closed
cycle
systems.
According
to
the
FERC,
most
utilities
are
now
utilizing
projected
annual
growth
between
three and five percent (53).
The
NAS
power
and
water
demand
estimates
and
projections
(Tables
47
and
48)
differ
significantly
from
those
in
the
MLP
(Table
45).
The
NAS
used
data
from
the
reliability
councils
that
includes
the
entire
Great
Lakes
region
and
their
forecasts
within
the
Great
Lakes
basin
reflect
power
demand
rather
than
power
generation.
These
two
terms
must
be
maintained
in
proper
perspective.
Demand
in
the
NAS
projections
will
be
satisfied
by
generation
somewhere
within
the
region.
The
critical
difference
is
that
this
consumptive
use
study
is
concerned
only
with
water
use
in
the
Great
Lakes
basin
and
water
use
in
this
subarea
of
the
Great
Lakes
region
does
not
equate
with
energy
demand.
The
NAS
projections
in
Table
47
reflect
the
energy
demands
in
the
Great
Lakes
basin.
The
nuclear
portion
in
Lake
Superior,
for
example,
will
be
obtained
from
a
source
Outside
the
Great
Lakes
drainage
basin.
Table
45,
in
contrast
to
Table
47,
reflects
only
the
anticipated
power
generation
and
consequently
the
water
use
within
the
drainage
basin.
Differences
in
the
totals
are
the
anticipated
energy
demands
within
the
basin
that
will
be
satisfied
by
a
power
plant
somewhere
else
in
the
region.
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 8.1.2.3 Projection 4
This projection (Table 48) uses the same assumptions and
data base as described in the MLP to 2000. The same assumptions
concerning mix of power plants and cooling systems are then applied
to an assumed annual power generation growth rate of five percent.
This projection, as such, represents a high estimate of projected
water consumption.
8.1.2.4 Projection 5
This projection (Table 48) uses the same assumptions and
data base as described in the MLP to 2000. The same assumptions
concerning mix of power plants and cooling systems are then applied
to an assumed annual power growth rate of three percent. It then
represents a low estimate of projected water consumption.
8.1.2.5 Projection 6
These water withdrawal and consumptive use projections
(Table 48) are based on the assumption that power companies could
justify variances from the current waste heat mandates of the Clean
Water Act. The primary assumption is that flow—through technology
rather than closed cycle cooling will be used at those existing
plants that have not incorporated closed cycle and at projected
plants. Remainder of the assumptions concerning mix of power plants
are
tho
se
use
d t
o d
eri
ve
the
MLP
.
The
rel
ian
ce
on
flo
w—t
hro
ugh
systems is expressed in large increases in water withdrawals with
relatively little increase in consumptive use.
1. Regional power generation projections for nuclear and
fos
sil
-fu
ele
d p
lan
ts
wer
e m
ult
ipl
ied
by
the
197
5 a
ver
age
wit
hdr
awa
l
water use rate of 0.2061 cfs/Gw.h.
This average rate reflects the 80 percent fossil—20
percent nuclear mix of plants and the 95 percent once through—five
per
cen
t
clo
sed
cyc
le
mix
of
coo
lin
g
tec
hni
que
s
in
exi
ste
nce
in
197
5.
Thi
s r
ate
dif
fer
s f
rom
tha
t i
n t
he
MLP
in
tha
t t
he
MLP
rat
e
dec
rea
ses
inc
rem
ent
all
y t
hro
ugh
the
pro
jec
tio
n p
eri
od.
2.
Reg
ion
al
pow
er
gen
era
tio
n p
roj
ect
ion
s f
or
nuc
lea
r a
nd
fos
sil
fue
led
pla
nts
Wer
e m
ult
ipl
ied
by
the
197
5 a
ver
age
con
sum
pti
ve
use rate of 0.0026 cfs/GW.h to derive total consumptive use.
Thi
s r
ate
ref
lec
ts
the
pre
dom
ina
nt
use
of
flo
w—t
hro
ugh
tec
hno
log
y.
The
exc
ept
ion
s t
o t
his
pra
cti
ce
are
tho
se
pla
nts
in
exi
ste
nce
in
197
5 w
her
e c
ool
ing
tOW
ers
hav
e b
een
ins
tal
led
to
min
imi
ze
env
iro
nme
nta
l i
mpa
cts
.
Wat
er
use
by
inl
and
pla
nts
in
exi
ste
nce
in
197
5 i
s r
efl
ect
ed
in
the
197
5 a
ver
age
con
sum
pti
ve
rat
e.
The
con
sum
pti
ve
use
rat
e d
iff
ers
fro
m t
hat
in
the
MLP
in
tha
t
the
MLP
rat
e i
ncr
eas
es
inc
rem
ent
all
y t
hrO
ugh
the
pro
jec
tio
n p
eri
od.
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TABLE 48
U.S.:
POWER GENERATION WATER USE PROJECTIONS (cfs)
Most
Likely
Projection
Projection 2
Projection 3
Projection 4
Projection 5
Projection 6
W
C
W
C
W
C
W
C
W
C
W
C
1975
33470
420
25510
390
37700
270
33470
420
33470
420
33470
420
1980
36630
600
24350
520
36410
530
36630
600
36630
600
41140
530
1985
39930
830
20760
880
35110
770
39930
830
39930
830
51760
650
1990
42370
1170
17180
1230
31730
1210
42370
1170
42370
1170
65130
820
1995
44730
1630
13590
1580
28350
1640
44730
1630
44730
1630
81940
1030
2000
48170
2250
10010
1940
24850
2140
48170
2250
48170
2250
103090
1300
2005
51730
2800
8870
2500
30230
2600
54260
2940
49290
2670
125420
1580
2010f
55900
3550
7740
3060
36780
3170
61520
3910
50750
3230
152600
1920
2015
60990
4500
6610
3620
44750
3860
70400
5200
52760
3900
185660
2340
2020
67180
5590
5470
4180
54450
4690
81360
6770
55380
4610
225880
2850
2025
74410
6930
7120
5440
66250
5710
94520
8810
58440
5450
274820
3470
2030
83230
8440
9250
7080
80610
6940
110900
11240
62280
6310
334360
4220
2035
94740
10460
12030
9220
98070
8450
132440
14620
67560
7460
406800
5130
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8.2 Power Generation Water Use: Canada
Thermal power generation, the largest water user in the
Canadian basin, is an extremely important sector of the Ontario
economy. Its output is a vital foundation for all socio—economic
activities in the province. The total installed capacity of all
power production plants in the province was 18,300 megawatts (MW) in
1975 (47). Thermal power production facilities accounted for 63
percent of this total capacity; all of these facilities are located
within the Great Lakes basin.
of the 11,000 MM of installed thermal
power generating capacity, 79 percent is accounted for by
conventional coal and oil fired plants, 21 percent by nuclear plants
and a negligible amount by other plant types such as gas turbine
operations.
8.2.1 Assumptions for MLP ProjeCtions
The energy forecasts in this section are taken from several
sources, and tend to be chosen on the conservative side of current
predictions. As in other sectors, many assumptions underlie the MLP
projections for thermal power generation. The main ones are that
all thermal plants will employ once—through cooling systems, and
that no substantial curtailments will be forced-by environmental
considerations. Some of these assumptions will be altered in order
to obtain a range of projections.
8.2.2 Methodology
Since the methodology used in making the thermal water use
forecasts differ completely from the methodology used in other
industrial sectors, it is necessary to describe the procedures
used. Assistance was provided by the provincial power utility,
Ontario Hydro in developing this methodology (36). ThroughOut this
section, only the Ontario Hydro system is considered, since minor
industrial power producers were included in the manufacturing water
uses. Also the forecasts are made assuming the non—conventional
sources (e.g. solar power) will contribute under 10 percent of needs
by 2035.
Forecasting water use for thermal power production must occur
with the framework of overall power system planning (52). In this
planning process, the emerging demands are quantified, the amount of
power required to meet them is calculated, and the existing power
network is expanded accordingly. However, since the normal
corporate planning process extends at most to 25 years in the
future, official projections of energy demands, peak loads, etc.,
are available only for the first part of the study period. Also,
firm planning (called a "committed expansion program" by Ontario
Hydro) for future facility location is available only to 1990-
Thus, the methodology adopted had to allow for the long time frame
of this study and the lack of a conmitted generation program past
1990. As in other sectors, a MLP and a number of alternatives Were
constructed.
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 A forecast of peak energy demands made by Ontario Hydro (Table
50), provided the starting point for the projection of water use
(47). The agency allows at least a 25 percent excess of installed
generating capacity over the peak demands. Thus, for each five—year
period beginning in 1975, the installed generation requirements
could be calculated up to 2005. After 2005, the installed
generating requirements were extended by extrapolation on the basis
of four percent annual growth. This process provided a MLP of the
capacity which will be required in the system. For the
alternatives, growth rates in the peak energy demands and thus the
installed generating requirements were taken at five, four and three
percent annual growth rates to provide high, medium and low
estimates, respectively.
With the required capacities in place, the generating
facilities were broken down into hydraulic, fossil and nuclear
types. For the years to 1990, Ontario Hydro has a committed
expansion program (Table 49), making it relatively simple to expand
the current system. For 1990 to 2000, the agency has an unofficial
and completely tentative program. Past that year, the excess of
installed generating requirements over the capacity of the system in
2000 was divided 65 percent nuclear and 35 percent fossil generating
plants, with no expansion seen for the hydraulic system. For the
medium and low alternatives this split was taken at 85 percent
nuclear and 15 percent fossil.
With the broad outlines of the system in place, it was
necessary then to determine the energy production from the
hydraulic, nuclear and fossil fuel plants. This involves the use of
a plant load factor,which quantifies the percentage of time during a
year in which a plant operates. For this study, system—wide
averages were adopted, based upon current experience and informed
guesswork. For the hydraulic plants, currently 38,384
gigawatt—hours (GW.h) are produced by an installed capacity of 6,156
megawatts (MW).
This yields a plant load factor of 70 percent,
which was assumed to apply throughout the study. The plant load
factor (PLF) for nuclear plants was assumed at 75 percent, with the
PLF for fossil fuel fired plants varying to meet the remainder of
the energy demand.
For the energy demand projections, MLP figures
were provided by Ontario Hydro, while the alternatives used five,
four
and
three
percent
growth
rates
in
line
with
the peak
demand
scenarios outlined above.
Once the actual energy production for each type of plant was
calculated, water withdrawals and consumption were calculated using
constant
coefficients.
For nuclear
plants
withdrawals
average
two
cfs per megawatt, which translates to 45 gallons per kilowatt—hour
(KW.h) of energy production.
The corresponding figures
for fossil
fueled plants are 1.2 cfs and 27 gallons per KW.h.
For both types
of
plant,
consumption
was
taken
at
0.75
percent
of
withdrawal
(58).
The
location
of
future
thermal
stations
is a complex
function
of
several
variables,
among
them
the
availability
of
water
supplies,
the
proximity
to markets
and
the
location
of
tranSmission
lines.
It
is
believed
that
most
stations
in
the
future
will
be
located
around
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 TABLE 49
In Place by the
End of: Facility Name Capacity (MW) Type
1980 Lennox 1,732 coal
Nanticoke 1,593 coal
1985 Pickering B (4 units) 2,064 nuclear
Bruce B (2 units) 3,024 nuclear
1990 Darlington 3,524 nuclear
2000 unspecified hydraulic 1,100
unspecified nuclear 11,450
unspecified fossil 2,750
NOTE: The last entries constitute an uncommitted expansion by Ontario Hydro, are
CANADA: ONTARIO HYDRO GENERATION EXPANSION PLAN, 1980 - 2000
based on preliminary analysis, and are subject to changes in line with
emerging demand conditions. Their adoption was based upon judgement by Tate
(58), not upon any urging by Ontario Hydro officials.
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 the Great Lakes, and for the period to 2000 there is some idea as to
the precise location. After 2000 it is assumed that 95 percent Of
the installed capacity, and accordingly 95 percent of the water use,
will be in the basin. Known stations and their water uses were
allocated easily among the lake basins. After 2000, however, the
distribution of capacity was determined judgementally on the basis
of past location decisions and the future distribution of population
and industrial activity.
8.2.3 MLP Power Production and Water Use
Peak demands on the Ontario Hydro system totalled 13,500 MW
during 1975
(Table 50), giving a required installed generating
capacity of 16,875 MW. According to Ontario Hydro data (55), the
total capacity of the system was 17,320 MW (excluding purchases),
resulting
in a substantial over—capacity.
According to Hydro
officials,
this over—capacity
resulted
from
efforts
to maintain
an
absolutely secure power
supply, from the need to meet U.S. demands,
and
other
reasons.
The
over—capacity
is
expected
to
be
reduced
gradually
betWeen
now and
the
turn of
the
century,
and
installed
generating
capacity
after
2000
will
be
25
percent
in
excess
of
peak
demands
(36).
After
2000,
for
the
MLP,
peak
demands
are
projected
at
four
percent.
By
2035,
they
will
be
164,524
MW,
yielding
a
requirement
for
installed
generating
capacity
of
205,655
MW.
The
expansions
in
peak
demand
and
required
installed
generating
capacity
represent
4.26
percent
annual
growth
rates
over
the
entire
time
period.
In
1975
the
hydraulic
generating
capacity
was
6,156
MW,
36
percent
of
the
system's
total
generating
capacity.
Fossil
fueled
plants
acc0unted
for
an
additional
8,825
MW
(51
percent),
and
nuclear
plants
the
remainder.
The
expansion
program
of
Ontario
Hydro,
committed
to
1990
and
uncommitted
to
2000
(Table
49),
is
built
into
the
capacity
figures
of
Table
50.
This
expansion
program
displays
a
growing
reliance
on
nuclear
power,
this
form
of
generation
providing
48
percent
of
total
installed
generating
capacity
by
2000,
and
61
percent
by
2035.
Hydraulic
facilities
will
expand
a
mere
1,100
MW
by
2000
and
not
at
all
after
that
date
under
the
MLP
assumptions.
After
2000
the
split
between
additions
to
nuclear
capacity
and
additions
to
fossil
fueled
capacity
was
taken
at
65:35,
as
confirmed
by
Ontario
Hydro
officials.
With
regard
to
energy
production,
the
system
met
a
demand
of
81,503
GW.h
in
1975,
broken
down
amongst
the
various
plant
types
in
accordance
with
the
load
factors
given
earlier.
By
2035,
the
total
energy
demand
is
projected
to
be
1,069,209
GW.h,
a
4.4
percent
rate
of
annual
increase.
The
total
energy
demand
includes
a
net
export
of
3,000
G
W
.
h
per
year
thrOughout
the
time
period.
The
va
r
i
o
us
generating
facilities
will
be
used
to
meet
these
demands
in
the
way
shown in Table 50.
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 TABLE 50 CANADA: MLP WATER USE, PEAK DEMAND, REQUIRED INSTALLED GENERATING CAPACITY AND ENERGY GENERATION
Capacity by Generat
ion Type E
nergy Generation by
Generation Type
Year Peak Demand Required Installed (MW) (GWh)
(MW) Generating Capacity Total Hydraulic Nuclear Fossil Required Hydraulic Nuclear Fossil
1975 13,500 16,875 17,320 6,156 2,284 8,825 81,503 38,384 11,859 31,260
1985 21,176 26,470 28,593 6,156 10,272 12,165 126,959 38,000 67,487 21,472
 
2000 41,693 52,116 52,116 7,265 25,246 19,605 243,572 39,500 165,900 38,172
2015 75,087 93,858 93,858 7,265 52,378 34,215 454,517 39,500 344,123 79,895
2035 164,524 205,655 205,655 7,265 125,046 73,344 1,069,209 39,500 821,552 108,157
WATER USE MLP
(cfs)
 
F
-
1
0
7
 
Water Withdrawal
Water Consumption
Nuclear Fossil Total
Nuclear Fossil Total
 
1975 2,715 3,881 6,600
20 30 50
1985 15,409 2,941 18,350
115 22 137
2000 36,260 5,006 41,270
271 37 308
2015 70,819 9,864 80,680
561 78 639
2035 182,717 14,433 197,150 1341 204 1544
  
Water withdrawals in 1975 at Ontario thermal plants totalled
6,600 cfs on the basis of the coefficients given in Section 8.2.2.
This amount is confirmed by the responses to the Environment Canada
survey of water use for thermal power generation. By 2035, this
withdrawal rises to 197,150 cfs, an increase of 5.8 percent per
annum. The inherent shift to nuclear power plants, a larger water
user than fossil plants, in the MLP causes the water use growth rate
to be 1.7 percent per annum above the growth of power generating
capacity. Taking consumption to be 0.75 percent of withdrawals, the
total amount of water consumed by thermal power plants in 1975 was
50 cfs and will increase to 1,540 cfs by 2035.
The breakdown of total water use by lake basin is given in
Table 51. This was done by locating each existing and planned plant
by basin and disaggregating total water use in line with the
capacities of these plants. After 1990, when the precise location
of plants is unknown, constancy was assumed in the lake basin
proportions.
Since water use distribution amongst lake basins was
assumed constant for all scenarios, similar tables to Table 51 (i.e.
for the MLP) have not been developed.
8.2.4 Alternative Water Use Projections for Canada
A total of six alternatives
to the MLP were prepared;
three
dealing with changes in the growth rate and three with different
cooling
technologies.
This
section
summarizes
the
results
of
these
simulations,
discussing
similarities
and
differences
between
the
alternatives,
but
not
developing
each
alternative
in
detail
as
was
done for the MLP.
8.2 .4.1. Economic Growth
The
first
three
alternatives
(Table
52)
concentrate
on
the
effects
of
varying
the
demands
for
energy,
and
on
subsequent
changes
in
production
capacities.
All
these
scenarios
emphasize
nuclear
power
as
the
dominant
future
means
of
power
production.
The
high
growth
scenario
uses
a
growth
rate
of
five
percent
per
annum
from
1980
to
project
peak
demands
and
energy
demands,
while
the
medium
and
low
growth
scenarios
use
four
percent
and
three
percent
growth
rates.
The
difference
between
the
MLP
and
the
medium
growth
alternative
is
that
the
four
percent
growth
rate
is
applied
right
from
1980
in
the
latter,
whereas
the
former
used
Ontario
Hydro's
slightly
higher
growth
rate
to
2005.
Also
the
medium
and
low
growth
alternatives
split
the
additions
to
capacity
required,
over
and
above
the
committed
and
uncomnitted
program
in
a
ratio
of
85
percent
nuclear to 15 percent fossil.
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 TABLE 51
CANADA: MLP WATER USE FOR THERMAL POWER GENERATION,
Basin
 
Lake Superior
Lake Huron
Lake Erie
Lake Ontario/
St. Lawrence
TOTALS
1975-2035, BY LAKE BASIN (Cfs)
 
Year
 
1975
1985
2000
2015
2035
1975
1985
2000
2015
2035
1975
1985
2000
2015
2035
1975
1985
2000
2015
2035
1975
1985
2000
2015
2035
(cfs)
Withdrawal
40
110
880
1,760
4,350
980
4,760
11,970
23,020
55,890
1,010
1,320
4,170
8,970
22,680
4,570
12,160,
24,250
46,930
114,230
6,600
18,350
41,270
80,680
197,150
Consumption
0
0
10
10
30
10
40
90
180
440
10
10
3O
80
180
40
90
180
370
890
50
140
310
640
1,540
 
Fi
gu
re
s
ma
y
no
t
ad
d
du
e
to
ro
un
di
ng
.
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Peak Demand
(W)
CANADA:
PEAK DEMAND, REQUIRED INSTALLED GENERATING CAPACITY AND ENERGY GENERATION UNDER
‘
VARYING ECONOMIC ASSUMPTIONS
Required Installed
Generating Capacity
(MW)
Capacity by Generation Type
(MW)
Hy
dr
au
li
c
Energy Generation by Generation
(G
Wh
)
Total
Nuclear Fossil Required Hydraulic Nuclear Fossil
1975
1985
2000
2015
2035
Al
l
H
i
g
h
Medium
Hi
gh
Medium
Lo
w
Hi
gh
Medium
High
Medium
L
o
w
13,500
19,217
18,319
17.455
39,950
32,991
27.194
83,055
59,
416
42.368
220,369
130,
188
76.
521
16,895
17,320
6,156
2.284
8,825
81,503 38,384
11,859 31,260
24,021
22.898
21,819
28,495
26,983
24.770
6.4
84
6,484
6.4
84
8,8
24
7,312
5,248
13.187
13,187
13.038
129,723
126,
444
120,622
35.000
35.000
35,000
57,793
48.039
34,479
39,130
43,404
51,143
49,938
41.240
33,
993
49,913
41.713
34,462
7,5
84
7,584
6,4
84
25,310
18,860
13,560
17,019
15.269
14,418
269,686
225,315
186,251
41.200
41.200
35.000
166,287
123.910
89.089
65,199
60.
205
62.
162
103,818
74,270
52.
960
102.818
74,240
52.960
7.584
7,584
7,584
60.656
46,052
27,135
35,578
20,633
17,970
560.658
403.378
288,500
41.200
41.200
41.200
398.055
302,561
178,282
121,402
59,616
69,018
270,461
162.
735
95.
652
270,461
162.735
95,652
7,584
7.584
7,584
169,317
121,246
63,
655
93,560
33,904
24,415
1,487,591
880,277
518,644
41,200
41.200
41.200
1,112,412
796,586
418,206
333,982
42,491
59.237
Tr
—
—
—
—
~
—
~
The high growth scenario has the highest projection of
power production and water use (Table 53). Both water withdrawal
and consumption increase by 6.6 percent in this projection. The
shift to nuclear power is apparent here because the water use growth
rate is higher than the capacity expansion rate. The lowest water
uses are contained in the low growth scenario with a capacity
expansion rate of 3.0 percent per annum (p.a.) and a water use
growth rate of 4.7 percent p.a. '
8.2.4.2 Technological Change
The technological alternatives focus upon changes in the
type of cooling system employed in Ontario thermal generating
stations. All current cooling systems are of the once through
type. The medium technology alternative employs cooling ponds on
all new capacity installed in the future, re—using water from the
cooling ponds so that the only water required is that to make up
what
is l
ost
thro
ugh
evap
orat
ion
and
to r
epla
ce b
low~
down
of w
ater
too hard for subsequent use. The intensive technology alternative
employs cooling towers instead of cooling ponds, but the
recirculation specifications are the same as for the medium
alte
rnat
ive.
It i
s al
so a
ssum
ed t
hat
all
curr
ent
capa
city
and
its
repl
acem
ent
will
reta
in a
once
—thr
ough
cool
ing
syst
em.
Thes
e tw
o
alt
ern
ati
ves
, a
cco
rdi
ng
to
Ont
ari
o H
ydr
o o
ffi
cia
ls,
are
onl
y r
emo
te
possibilities, as the Great Lakes system is currently seen as
vir
uta
lly
lim
itl
ess
sou
rce
of
wat
er.
The
y a
re
inc
lud
ed
her
e m
ere
ly
to s
how
the
effe
cts
on w
ithd
rawa
l an
d co
nsum
ptio
n if
reci
rcul
atin
g
sys
tem
s
sho
uld
be
req
uir
ed
in
the
fut
ure
,
for
exa
mpl
e,
to
lim
it
possible environmental damages.
The calculation of water use is based upon previOus work
by
the
Gre
at
Lak
es
Bas
in
Com
mis
sio
n o
n t
her
mal
wat
er
use
(18
).
In
order not to include the effects of complex growth rates, the MLP
pow
er
and
ene
rgy
pro
jec
tio
ns
are
use
d f
or
med
ium
and
int
ens
ive
tec
hno
log
y a
lte
rna
tiv
es.
The
wat
er
wit
hdr
awa
l f
or
fos
sil
fue
led
sta
tio
ns
ave
rag
es
1.2
cfs
per
MW,
or
27
mgd
per
GW.
h.
Thi
s
coef
fici
ent
will
give
the
gros
s wa
ter
use,
whic
h is
equi
vale
nt t
o
wat
er
wit
hdr
awa
l f
or
pla
nts
wit
h n
o r
eci
rul
ati
on.
Acc
ord
ing
to
Ont
ari
o H
ydr
o,
the
ave
rag
e h
eat
ris
e a
cro
ss
the
con
den
ser
at
cur
ren
tly
ope
rat
ing
pla
nts
is
18°
F,
and
usi
ng
the
GLB
C g
rap
h f
or
fossil fueled plants (Figure 18), 27 mg per GW.h (i.e. 100
acr
e—f
eet
/Gw
.h)
is
use
d
by
a p
lan
t
wit
h
an
ave
rag
e
hea
t
rat
e
of
9,
50
0
BT
U
per
Kw.
h.
Fr
om
Fi
gu
re
19,
co
nS
um
pt
iv
e
us
e
in
su
ch
a
pl
an
t
wou
ld
be
0.9
2 a
cre
—fe
et,
or
0.2
1 m
ill
ion
gal
lon
s p
er
GW.
h.
For
coo
lin
g
pon
ds,
thi
s
con
sum
pti
ve
use
coe
ffi
cie
nt
is
0.2
5 m
ill
ion
gal
lon
s
per
GW.
h,
and
for
coo
lin
g
tow
ers
,
0.3
3
mil
lio
n
gal
lon
s
per
GW.
h.
The
se
coe
ffi
cie
nts
are
sho
wn
in
Tab
le
54,
alo
ng
wit
h s
imi
lar
ones for nuclear plants (Figure 20).
Th
e
wa
te
r
wi
th
dr
aw
al
and
co
ns
um
pt
io
n
fi
gu
re
s
for
th
e
tec
hno
log
ica
l c
han
ge
opt
ion
s a
re
sho
wn
als
o i
n T
abl
e 5
4.
The
ext
ens
ive
Opt
ion
is
for
onc
e—t
hro
ugh
coo
lin
g,
whi
ch
is
the
sam
e
as
the
MLP.
The
medi
um o
ptio
n us
es c
ooli
ng p
onds
, wh
ile
the
inte
nsiv
e
opt
ion
use
s
coo
lin
g
tOW
ers
.
Sin
ce,
und
er
the
med
ium
and
int
ens
ive
opt
ion
s,
the
onl
y n
ew
wat
er
req
uir
ed
is
to
rep
lac
e
con
sum
pti
on,
the
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 TABLE
53
CANADA:
THERMAL POWER
GENERATION WATER
USE
UNDER VARYING
ECONOMIC GROWTH RATES
  
(cfs)
Year
Economic
Withdrawal
Consumption
Growth
Nuclear
Fossil
Total
Nuclear
Fossil
Total
1975
2,720
3,880
6,600
20
3O
50
1985
High
13,230
5,370
18,600
100
40
140
Medium
11,000
5,960
16,960
80
40
120
Low
7,890
7,030
14,920
60
50
110
2000
High
36,170
8,510
44,680
270
60
330
Medium
26,950
7,860
34,810
200
60
260
10w
19,380
8,110
27,490
140
60
200
2015
High
580
15,840
102,420
650
120
770
Medium
65,810
7,780
73,590
490
60
550
Low
38,770
9,010
47,780
290
70
360
2035
High
241,950
43,580
285,530
1,810
330
2,140
Medium
173,260
5,550
178,810
1,300
40
1,340
Low
90,960
7,730
98,690
680
60
740
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water withdrawals increase very slowly over time.
Consumptive use
is highest for the cooling tower option with an average annual
increase of 6.8 percent as Opposed to the MLP rate of increase of
5.9 percent.
8.2.5 Water Use Ranges
0n the basis of the alternative projections developed in this
section, ranges of water withdrawal and consumptive use can be
derived (Table 55 and Figures 22 and 23). For withdrawal, two
estimates for the low projection are shown. The first of the latter
would pertain under the low growth scenario, with no alteration in
the cooling systems in use. The second would come about only with
adoption of closed—cycle cooling using cooling ponds (i.e. the
medium technology scenario). The two estimates are shown because of
the radically different nature of the cooling systems assumed.
Similarily, two high projections are shown for consumptive use, the
second pertaining only to the adoption of closed cycle cooling via
the use of cooling towers. Since water withdrawal in a closed cycle
system is only for replacement of consumptive use, and since cooling
ponds present slightly lower amounts of consumptive uses, the medium
technology scenario gives the lowest water withdrawal, while the
cooling tower Option gives the highest estimate of consumptive use.
9.1 Comparison With International Great Lakes Levels Board (IGLLB)
Report
Municipal withdrawals are substantially higher in the IGLLB
estimate (Table 56). An important element is the high average
annual population growth rate used in the IGLLB study. In the
present study the OBERS SERIES E 0.9 to 0.3 percent growth rate in
U.S. population is projected whereas the IGLLB report projected a
1.4 percent annual growth rate. A 1.4 percent growth rate is
currently projected in Canada as contrasted with the earlier 2.1
percent per year. In addition, the portion of municipal pumpage
allocated to industry is included in the Levels Board estimate.
This portion is unstated in the report and background, but is
estimated at 22 percent on the basis of current research. This
allowance would reduce the Levels Board estimate to within 12
percent of the current Canadian forecast, and only about eight
percent higher than the current 2030 projection despite a
significantly greater municipal population. The current estimates
are based upon complex, area—specific coefficient generators, in
contrast to a constant coefficient of 128 gallons per capita—day for
the IGLLB estimates. The coefficient calculation used in the
current estimates would tend to make the per capita use higher than
the earlier estimates but the IGLLB higher population assumption
more than offsets this tendency, with the result that the two
estimates are actually rather close. The IGLLB report estimated
that consumptive use will be a constant percentage of withdrawals
through the projection period amounting to 10 percent of municipal,
40 percent of rural-domestic and 95 percent of livestock
withdrawals. The U.S. consumes an average of 11 percent and the
Canadians 15 percent of municipal withdrawals. Rural—domestic per
capita consumptive use will increase about 25 percent. Even
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 Year
1975
1985
2000
2015
2035
Notes:
 
TABLE 55
CANADA:
WATER USE RANGES FOR THERMAL POWER GENERATION
(cfs)
Withdrawal1 Consumption2
High MLP Lowl Low2 Highl High2 MLP Low
- 6,600 - — - - 50 —
18,600
18,350
14,920
6,770
140
230
140
110
44,680
41,270
27,490
6,650
330
510
310
200
102,420
80,680
47,780
7,020
770
1,000
640
360
285,530
197,150
98,690
8,100
2,140
2,440 1,540
740
Two
low estimates
are
included
to
cover
the
possibility
of
radical changes in cooling systems.
The
second
low
figure
would
occuronly
with the
adoption
of
cooling ponds on all new capacity.
The
second
"high"
estimate
would
OCCur
only with
the
adaption
of
cooling
towers
on
all
new
capacity.
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though each component is different the U.S. mix is about the same
and
the
cur
ren
t C
ana
dia
n m
ix
is
hig
her
.
The
IGL
LB
pro
jec
tio
n t
o
203
0 i
s 4
9 p
erc
ent
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her
tha
n t
he
cur
ren
t U
.S.
pro
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n a
nd
thr
ee
per
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n t
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cur
ren
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n p
roj
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.
The
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ed
proj
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difference in population projections.
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cy.
Fir
st,
the
Can
adi
an
est
ima
tes
for
the
IGL
LB
stu
dy
wer
e
bas
ed
upo
n w
ate
r u
se
dat
a a
nd
coe
ffi
cie
nts
fro
m U
.S.
stu
die
s.
Thi
s
met
hod
olo
gy
is
qui
te
cru
de
and
wil
l p
rod
uce
err
one
ous
res
ult
s.
The
cur
ren
t e
sti
mat
es
use
Can
adi
an
dat
a a
nd
thu
s a
re
muc
h m
ore
acc
ura
te.
Sec
ond
ly,
mor
e i
ndu
str
ies
are
inc
lud
ed
in
the
cur
ren
t
est
ima
tes
, m
aki
ng
the
m l
arg
er
tha
n t
hos
e p
rod
uce
d b
y t
he
IGLL
B.
The
ind
ust
ria
l
sec
tor
in
the
196
9 r
epo
rt
did
not
inc
lud
e m
ini
ng,
so
wat
er
use
as
wel
l a
s t
ota
l w
ith
dra
wal
s w
oul
d b
e s
ome
wha
t
dif
fer
ent
alt
hou
gh
min
ing
is
onl
y t
wo
to
ten
per
cen
t
of
ind
ust
ria
l
use
.
Thi
rd,
and
per
hap
s m
ost
ser
iou
s f
rom
the
for
eca
sti
ng
poi
nt
of
vie
w,
the
IG
LL
B
fo
re
ca
st
is
ba
se
d
up
on
p0
pu
la
ti
on
gr
ow
th
,
and
thu
s
ig
no
re
s
fac
tor
s
suc
h
as
mar
ket
s,
whi
ch
can
mak
e
ind
ust
ria
l
gro
wth
rat
es
di
ff
er
en
t
th
an
the
po
pu
la
ti
on
gr
ow
th
rat
e.
Th
e
IG
LL
B
re
po
rt
pro
jec
ted
a
3.8
per
cen
t
gro
wth
rat
e
whe
rea
s
the
cur
ren
t
U.S
.
pr
oj
ec
ti
on
of
in
du
st
ri
al
gr
ow
th
us
es
1.
6
pe
rc
en
t
pe
r
an
nu
m
an
d
th
e
Ca
na
di
an
pr
oj
ec
ti
on
is
3.7
pe
rc
en
t.
The
ea
rl
ie
r
re
po
rt
us
ed
a
co
ns
ta
nt
co
ns
um
pt
iv
e
us
e
of
fo
ur
pe
rc
en
t
of
wi
th
dr
aw
al
s
th
ro
ug
h
th
e
pr
oj
ec
ti
on
pe
ri
od
.
Th
e
U.
S.
co
ns
um
pt
io
n
in
19
75
wa
s
ac
tu
al
ly
12
pe
rc
en
t
of
wi
th
dr
aw
al
s
an
d,
re
fl
ec
ti
ng
en
vi
ro
nm
en
ta
l
co
nc
er
ns
th
at
ha
ve
de
ve
lo
pe
d
in
th
e
in
te
ri
m,
wi
ll
be
25
pe
rc
en
t
of
wi
th
dr
aw
al
s
in
20
30
.
Th
e
ne
ar
te
rm
IG
LL
B
pr
oj
ec
ti
on
s
ar
e
38
to
47
pe
rc
en
t
of
cu
rr
en
t
U.
S.
pr
oj
ec
ti
on
s
bu
t
by
20
30
ar
e
on
ly
15
pe
rc
en
t
lo
we
r
an
d
ar
e
wi
th
in
co
nf
id
en
ce
li
mi
ts
of
th
e
cu
rr
en
t
pr
oj
ec
ti
on
.
Th
e
hi
gh
er
gr
ow
th
ra
te
in
cu
rr
en
t
Ca
na
di
an
as
su
mp
ti
on
s
co
up
le
d
wi
th
no
en
vi
ro
nm
en
ta
l
co
nt
ro
ls
re
su
lt
s
in
a
di
ff
er
en
ce
in
cr
ea
si
ng
to
ab
ou
t
45
0
pe
rc
en
t
by
20
30
.
Th
e
co
mb
in
ed
cu
rr
en
t
pr
oj
ec
ti
on
of
in
du
st
ri
al
co
ns
um
pt
io
n
is
ab
ou
t
25
pe
rc
en
t
hi
gh
er
th
an
th
at
in
th
e
IG
LL
B
re
po
rt
.
Mo
vi
ng
th
e
22
pe
rc
en
t
of
wa
te
r
fo
r
ma
nu
fa
ct
ur
in
g
fr
om
th
e
mu
ni
ci
pa
l—
ru
ra
l
se
ct
or
wo
ul
d
re
du
ce
th
e
di
ff
er
en
ce
to
18
pe
rc
en
t.
Th
e
IG
LL
B
st
ud
y
co
nt
ai
ns
a
to
ta
l
ag
ri
cu
lt
ur
al
co
ns
um
pt
io
n
at
ab
ou
t
39
pe
rc
en
t
of
th
e
pr
es
en
t
ML
P
(T
ab
le
56
).
Ir
ri
ga
ti
on
in
th
e
IG
LL
B
re
po
rt
in
cl
ud
ed
on
ly
ag
ri
cu
lt
ur
e
an
d
98
pe
rc
en
t
of
al
l
wa
te
r
wi
th
dr
aw
n
wa
s
as
su
me
d
to
be
co
ns
um
ed
.
ML
P
co
ns
um
pt
io
n
in
th
is
re
po
rt
is
ba
se
d
on
cr
op
co
ef
fi
ci
en
ts
an
d
ac
re
ag
e.
Th
es
e
ag
gr
eg
at
ed
cr
op
co
ef
fi
ci
en
ts
av
er
ag
e
74
pe
rc
en
t
of
wi
th
dr
aw
al
s
in
19
75
in
cr
ea
si
ng
to
86
pe
rc
en
t
in
20
30
.
Th
e
pr
in
ci
pa
l
re
as
on
fo
r
th
e
in
cr
ea
si
ng
pe
rc
en
ta
ge
in
th
is
re
po
rt
is
im
pr
ov
ed
ef
fi
ci
en
cy
in
co
nv
ey
an
ce
an
d
di
st
ri
bu
ti
on
sy
st
em
s
le
ad
in
g
to
de
cr
ea
si
ng
wi
th
dr
aw
al
s
in
th
is
se
ct
or
.
Th
e
IG
LL
B
st
ud
y,
in
ad
di
ti
on
,
di
d
no
t
ma
ke
an
al
lo
wa
nc
e
fo
r
go
lf
co
ur
se
ir
ri
ga
ti
on
.
If
th
e
am
ou
nt
of
wa
te
r
us
ed
fo
r
go
lf
co
ur
se
s
is
su
bt
ra
ct
ed
fr
om
th
e
pr
es
en
t
ML
P,
th
e
cr
op
la
nd
ir
ri
ga
ti
on
pl
us
st
oc
kw
at
er
in
g
co
ns
um
pt
io
n
is
ac
tu
al
ly
be
lo
w
th
at
of
th
e
IG
LL
B
st
ud
y.
F-121
 
The higher percentage consumptive use in the IGLLB report
offsets the lesser projection of irrigated acreage resulting in
similar projected growth rates. However, the lower base in the
IGLLB report results in a projection that is 28 percent of the
current 77 U.S. projection, 77 percent of the current Canadian
projection and 39 percent of the combined projections by the year
2030.
In the earlier part of the power forecast (Table 56), it is
clear that the IGLLB study estimates are considerably higher than
the present Canadian study.
This is due to a large expansion
foreseen in the IGLLB study to occur by 1985. This did not
materialize, resulting in an overestimate of consumptive use.
By
2030, however, a higher growth rate in the current study than in the
IGLLB study brings the latter's estimate to within six percent of
the current Canadian projection.
In the U.S. portion of the basin, the IGLLB report indicated
that consumptive use of water for power generation was 0.5 percent
of
withdrawals
in
the
period
1955
to
1965.
This
percentage
was
projected as a constant to 2030 and combined with a four percent
annual
growth
rate
in power
demand
to develop
water
use
projections.
Changes in mix of plants'
cooling systems,
technology
or
environmental
perceptions
were
not
considered.
In
this
report,
consumptive
use was
1.3
percent of withdrawals
in
1975 and
will
increase
to
10
percent
by
2030;
nuclear
plants
generated
20
percent
of
the
total
power
in
1975
and
will
increase
to
39
percent
after
2000.
These
forecasts
reflect
environmental
concerns
that developed
after
1969
and
evolving
changes
in
technology.
The
other
basic
difference
is
that
the
IGLLB
projections
were
based
on
power
demands
in
the
Great
Lakes
basin
whereas
the
present
projections
are
based
on
power
generation.
The
difference
in
these
two
concepts
is
extremely
important
and
is
apparent
in
projections
by
the
regional
power
councils.
‘Based
on
these
differences,
the
IGLLB
projection
of
consumptive
water
use
in
the
U.S.
portion
of
the
basin
is
22
percent
of
the
current
MLP
projection
in
2030.
For
the
total
basin,
the
IGLLB
power
projection
is
33
percent
of
the
current
MLP
projection.
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TABLE
56
COMPARISON
OF WATER
CONSUMPTION
REPORTED
IN THE
IGLLB
STUDY
WITH THE PRESENT STUDY (Cfs)
 
Power
Agriculture
Industry
Mun—Rural
Total
IGLLB
IDCUB
IGLLB
IDCUB
IGLLB
IDCUB
IGLLB
IDCUB
IGLLB
IDCUB
1.1.8.
1965
150
100
560
1070
1880
1985
340
830
120
380
1170
3060
1330
1210
2960
5480
2000
720
2250
150
500
2060
4360
1620
1340
4550
8460
2030
1860
8440
210
750
6390
7390
2440
1640
10900
18200
Canada
1965
30
45
100
220
395
1985
550
140
70
110
160
340
290
310
1070
900
2000
750
310
90
130
210
610
370
380
1420
1430
2030
1390
1320
170
220
390
1730
630
610
2580
3880
Total
1965
180
145
660
1290
2270
1985
890
970
190
490
1330
3400
1620
1520
4030
6380
2000
1470
2560
240
640
2270
4980
1990
1720
5970
9900
2030
3250
9760
380
970
6780
9120
73070
2250
13480
22080
IGLLB — International Great Lakes Levels Board
IDCUB — International Diversions and Consumptive Uses Board
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 TABLE 3 TOTAL W1THDQAWAL VATEW USF CFS
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100
100
100
110
120
130
1‘0
150
DWD TOYL
760
8‘0
920
11“0
1420
1620
1870
2220
2580
3310
0060
A520
5620
TOT LAKE
2030
2300
2620
3100
1660
0190
A790
5560
6370
7660
9060
10500
12230
701 NDLK
510
300
310
330
340
3A0
360
370
#00
000
#60
510
570
101 YUTL
2300
2600
P930
3a70
4000
4510
€100
59.10
6770
$1090
9510
11050
[2500
TABLE 6 TOTAL LAKE 911059109 cnuﬁlmprlvs VIAYFR USE ch
USE / VEAQ
1975
1990
1905
1990
1995
2000
2005
2010
2015
2020
2025
2030
2035
"UN LAKE
20
20
20
20
20
20
20
20
20
20
20
20
20
MUN NULK
0
0
0
0
0
0
0
0
0
O
0
0
0
“UN TOTL
20
20
20
20
20
20
20
20
20
20
20
20
20
00” LAKE
0
0
0
0
0
0
0
0
0
0
0
0
0
00M NnLK
10
10
10
1O
10
10
10
10
10
10
10
10
10
DOM TnYL
10
‘0
10
10
10
10
10
10
10
10
10
10
10
MAN LAKE
70
70
HO
90
110
1‘0
160
170
180
200
220
250
280
MAN NOLK
0
10
10
10
10
10
10
10
10
10
10
10
10
MAN TDTL
70
80
90
100
120
150
160
180
190
210
230
260
290
MIN LAKE
100
110
110
120
120
120
130
130
lbO
160
150
150
150
“IN NOLK
30
30
30
30
3O
'
‘0
10
30
‘0
‘0
50
50
50
“IN TUTL
130
1‘0
1‘0
150
150
160
160
160
180
180
200
200
200
SYK LAKE
0
0
0
0
0
0
0
0
0
0
0
0
0
SYK NOLK
0
0
0
0
0
0
0
0
0
0
O
0
0
91K TDTL
0
0
0
0
0
0
0
0
0
O
0
0
0
'99 LAKE
o
o
0
0
o
0
0
o
o
o
o
o
0
19° NOIK
10
10
10
20
20
20
20
30
30
30
30
30
‘0
Ian
YnTL
10
10
lo
?0
20
20
20
30
30
30
:10
30
‘0
9W9 LAKE
10
10
10
20
JO
00
‘0
‘0
F‘0
90
100
130
160
mm
NOLK
o
0
0
0
O
0
10
10
10
10
10
20
20
DVD
TOTL
10
10
10
20
30
40
60
60
70
100
110
150
180
707 LAKE
200
210
220
260
230
310
340
370
A00
450
090
550
610
TOY NOLK
SO
60
60
70
70
70
“0
90
100
100
110
120
130
TOT TOTL
250
270
280
320
350
300
420
060
500
550
600
670
700
 
y
r
1
5
r
g
f
w
3
‘v F-l34
  
 TABLE 7
USF
MUN
MUN
"UN
no“
no“
nnu
MAN
“AN
MAN
MIN
ulm
MIN
51K
STK
STK
109
1RD
7RD
0W9
Own
0WD
TUY
TOY
TnT
TAHLF R
USF
MUN
MUN
MUN
00M
DOM
DU“
MAN
MAN
MAN
MIN
M1N
MIN
STK
STK
57K
1RD
YR?
1RD
pun
Dun
Dun
TOT
TOT
TOT
TOTAL LAKF M1CH1GAN WITWDDANAL VAYED
/ YEAR
LAKE
NULK
YnTL
LAKE
NULK
TOTL
LAKE
NULK
YUTL
LAKE
NOIK
TnYL
lAKE
NOlK
TOTL
IAKE
NDLK
TOTL
LAKE
NDlK
TDTL
LAKE
NOLK
TOYL
TnTBL LAKF "1(HYGAN CUN§UMDYIVE
/ YEAR
LAKE
NDLK
TDYL
LAKE
NOLK
TOTL
LAKE
NOLK
TOTL
LAKE
NOIK
TOTL
LAKE
NOLK
TOTL
LAKE
NﬂLK
TOTL
LAKE
NOLK
TOTL
LAKE
NOLK
TOTL
1975
21°C
500
2770
250
250
8750
760
0590
180
50
230
200
200
oqno
2080
17380
21030
03°0
25490
1975
150
190
150
150
720
60
780
150
130
160
1030
500
1530
1980
2310
630
pgno
260
260
Reno
770
0650
200
2‘0
70
70
250
250
11020
25FO
135no
22010
0610
27020
1930
ISO
l°0
160
180
810
8“0
120
1°C
200
40
200
1200
570
1770
1925
2400
670
3110
270
270
9010
780
°7°0
210
50
260
290
2°C
12370
2530
14900
20030
0660
28600
1985
150
200
160
160
200
280
330
1370
650
2020
 
HSF
1990 19n5
25‘0 2630
720 780
3230 3060
0 0
270 270
270 270
9130 0300
600 820
9930 10150
230 240
60 60
290 300
'0 o
70 70
7o 70
0 0
330 360
330 350
13360 100ﬁ0
2600 9690
15960 17150
25330 2‘720
0850 R050
30190 31770
WATFQ USF
1990 1995
170 130
no 00
210 220
0 0
150 160
150 160
1030 1160
G0 100
1120 1260
30 40
10 10
00 50
O O
70 70
70 70
0 0
260 2°0
260 290
000 570
so 90
060 660
1630 1950
690 760
2320 2710
CFS
2000
2700
830
3620
270
270
0530
810
10360
260
320
70
70
300
300
15900
2810
19750
28520
5250
337Ro
CFS
2000
190
00
230
160
160
1200
110
1000
320
320
7°0
120
910
7310
530
31a0
2005
2910
800
3800
270
270
0700
850
10550
270
70
300
030
010
17150
29°O
20100
30030
5570
35600
2005
200
00
200
160
150
1010
120
1530
00
50
70
70
350
350
980
100
1120
2630
3520
2010
3020
950
3970
230
2R0
9870
860
10730
290
360
70
70
060
060
18570
3200
21770
31750
5690
37600
2010
200
250
160
160
1530
130
1660
50
60
7O
70
380
380
1240
180
1020
3020
900
0000
2015
3130
1010
41a0
0
280
280
10000
870
10910
300
80
380
0
70
7O
0
490
«no
20290
3060
23750
33760
6250
00020
2015
210
260
170
170
1650
100
1700
010
010
1580
230
1610
3090
1090
0580
 
2020
3230
1080
0310
290
230
10210
880
11090
320
80
000
80
80
520
520
22390
3760
26170
35150
6700
02350
2020
220
270
170
170
1770
150
1920
50
60
80
a0
«00
0.0
1960
280
2200
0000
1180
5180
2025
3340
1100
4480
280
200
10330
900
11280
330
020
560
20800
0100
28950
38890
7100
05080
2025
230
200
170
170
1890
160
2050
50
60
30
00
070
070
2000
300
2780
0610
1250
5890
2030
3000
1210
0650
200
200
10550
11460
350
000
R0
90
590
590
27830
0580
32010
02170
7700
0°910
2030
2‘0
50
290
170
170
2020
170
2190
60
1O
7O
80
BO
0
500
500
2970
010
3380
5290
1390
6680
2035
3550
1280
0830
290
2°0
10710
930
11600
370
100
070
630
630
31730
5160
36890
06360
A070
50830
2035
240
300
180
180
2100
180
2320
60
70
3690
500
0190
5130
1530
7670
 
 1
&
2
ﬁ
TABLE Q
NSF
MUN
MUN
MUN
DO“
DOM
00“
"AN
MAN
VAN
MIN
MlN
MIN
STK
$1?
STK
199
190
YQQ
DVD
DVD
DID
YnT
YnT
TnT
YARLF 10
USE
MUN
MUN
MUN
00“
DD“
00”
MAN
MAN
MAN
MIN
MyN
MIN
51K
STK
STK
1RD
YDD
1RD
Dip
DMD
DVD
TOY
YOT
TOT
YOTAL LAKF HUDOH
/ YEAR 1975 19ﬂ0
LAKE 310 330
NOLK 90 100
YOTL «no «30
LAKE 0 0
NOLK 70 A0
TOTL 70 n0
LAKE I7ao 1930
NDLK A10 a°0
TnYL 9150 24:0
LAKE Go 100
NUlK 130 170
YDTL 220 270
LAKE 0 o
NUIK A0 50
YOTL do 50
LAKE o o
Man A0 A0
YDTL A0 A0
LAKE 1150 >9qo
NULK 2160 PARO
YUYL 3300 ‘aao
LAKE 32Ro ﬁs‘o
NOLK 2900 ‘3“0
YUTL R270 R710
TOTAL LAKE annN
/ VEAn 1975 1900
LAKE I70 lﬁo
NULK 10 10
TOYL 1R0 100
IAKE o 0
NOIK A0 :0
TUYL do *0
LAKE 60 no
NULK 70 >0
YUYL no 100
LAKE 10 no
NOIK 10 10
TOTL 90 20
LAKE 0 o
NOLK ao <0
TQYL 40 an
lAKE o o
NOLK 30 An
TUTL 10 A0
LAKE 10 9o
NDLK 30 :0
TDTL no 70
IAKE 250 qu
NDLK 130 210
707L 430 590
WITHDDAWAL WATER USE CF5
1985 19°0 1995 2000
360 390 A10 aao
100 110 120 130
480 500 530 570
0 0 0 0
00 90 100 100
R0 90 100 100
2180 2350 9770 3150
600 700 R30 900
2730 3150 1600 4130
120 130 140 150
200 200 290 350
320 370 “30 500
0 O 0 0
5o 50 60 60
50 50 50 60
0 0 O 0
a0 50 60 50
50 50 60 60
A850 7200 Q650 12050
2760 3010 3350 3700
7610 10250 11000 15800
7510 10210 12970 15730
3830 A250 0810 5400
11340 14060 17730 21250
CnNSUMDTIVE WAYFR UﬁE (F5
1935 1990 1905 9on0
100 1°C 200 210
20 ?0 Do 90
200 210 220 230
D 0 0 O
50 60 60 60
50 60 60 60
100 130 170 220
30 a0 50 ‘0
130 170 220 250
10 10 20 20
10 10 10 20
20 20 30 a0
0 0 0 0
50 50 60 SO
, so so so so
0 O 0 0
“0 AG 50 50
do ‘0 5o 50
40 50 70 60
70 100 140 100
110 150 210 230
330 380 050 540
270 320 3°0 460
600 700 850 1000
F-l36
2005
460
130
590
100
100
3510
1130
A600
160
“10
570
15730
4070
10800
19860
5960
25820
2005
220
20
200
60
60
260
7O
330
20
do
80
60
50
130
240
370
630
520
1150
2010
500
140
640
110
110
3930
1200
5220
170
480
650
19A30
4&00
23530
20030
6550
30580
2010
200
20
260
60
300
100
“00
160
310
A70
720
600
1360
2015
530
150
630
110
110
4410
1a90
5900
180
570
750
23120
4800
27920
28200
7270
35510
2015
250
270
60
3‘0
1‘0
#80
190
390
580
800
770
1570
2020
560
150
710
110
110
3990
1720
6710
190
670
860
31350
5290
36660
37090
3100
A5190
2020
260
30
2°O
70
70
430
120
550
30
50
250
£00
730
970
870
1840
2025
590
160
750
120
120
5650
1990
7660
200
790
990
39580
5860
Q5430
56020
9090
55110
2025
270
30
300
70
510
1‘0
650
30
50
Q0
Q0
80
320
600
920
1130
1030
2160
2030
620
170
7°C
130
130
6Ad0
2310
8750
210
940
1150
90
90
90
90
07800
6550
50350
55070
10280
65350
600
170
770
30
50
390
730
1120
1300
1200
2500
2035
650
190
830
130
130
7360
2700
10060
220
1100
1320
100
100
0
90
00
56000
7a60
63500
6A27o
11760
76030
2035
2°0
30
320
70
70
680
210
890
30
60
100
I00
00
80
.60
900
1360
1‘60
1340
2680
  
 YAHLE 11
“SE
MUN
MUN
MUN
no»
00”
no»
MAN
MAN
MAN
“1N
M1N
MIN
SYK
51K
STK
1RD
1DD
1DD
UWR
FWD
nwo
10f
v07
TUY
TABLF 12
“SF
MUN
MUN
MUN
DOM
non
DOM
MAN
MAN
MAN
M1N
MIN
MIN
51“
SYK
STK
'PD
109
IRD
pun
DVD
DVD
TOT
70'
107
TOTAL
/ YEAR 1975
LAKE 2350
NOLK 080
YDTL 2830
LAVE 0
NULK 150
TOTL 160
LAKE @570
HULK 900
TOYL 1na7o
LAKE 250
NULK 70
TOTL 320
LAKE 0
NOIK 60
YnYL so
LAKE O
NOIK 160
TDTL 150
LAKE nsao
NOLK 0620
TDTL 13160
LAKE 20710
Nan 5050
TOYL 27160
TOTAL
/ VEAR 1975
LAKE 210
NOLK 50
TOYL 200
IAKE 0
NnLK no
TOTL 00
LAKE 1330
NOLK 120
TOTL 1450
LAKE 40
NOLK 10
TOTL 50
LAKE 0
NOLK 60
TnYL 50
[ARE 0
NOLK 120
TOTL 120
LAKE 100
NOLK 50
TOTL 150
LAVE 1680
NULK 530
TUTL 2210
LﬂKE
1900
2500
510
30‘0
160
150
10050
950
11010
2‘0
00
350
50
50
130
1‘0
1n1?o
4270
10340
22950
6170
29120
EDIF CONSHMDTIVE HAYED
19a0
230
310
100
100
1450
130
1550
do
‘0
50
60
50
120
120
100
200
1660
550
PO20
1985
2650
540
31°C
170
170
10650
1030
116°0
310
400
0
70
70
0
180
130
11530
3970
15500
25150
6050
31200
1905
2‘0
320
110
110
1600
130
1700
50
60
130
200
250
2090
500
26°0
LAKE EDIE wlYHnnAwAL udrﬁn
19Q0
2810
570
3300
0
170
170
11400
1110
12510
300
100
000
0
70
70
0
200
200
13530
3&60
16990
20030
5630
33760
1990
270
50
350
110
110
1830
150
1990
50
60
70
70
150
150
300
70
370
2350
650
3100
USE CFS
1995 2000
2970 3110
610 630
1580 3760
0 0
170 170
170 170
12290 13260
1220 1300
11510 laeno
330 410
110 120
‘90 530
O 0
70 70
70 7o
0 0
220 220
220 220
10940 16530
3120 2900
10060 19430
30500 33310
5520 54%0
35100 38700
us: crs
1995 2000
230 300
80 no
360 aka
0 . 0
100 )nn
100 100
’070 2310
1°0 210
P260 2520
so 60
10 10
70 70
0 O
70 7o
70 70
0 0
150 160
150 150
020 600
Go 100
510 7no
9830 3270
6°O 730
1520 4000
F—l37
 
2005
3290
660
3950
0
170
170
14500
unqo
159cc
440
130
S70
0
80
R0
0
260
260
19130
3020
22150
37350
5790
43150
2005
320
00
310
100
100
zeno
2ao
9840
50
00
00
BO
170
170
750
120
370
3730
820
4550
2010
3a50
700
0150
0
170
170
15810
1650
17460
‘80
1&0
620
0
80
R0
2010
330
100
430
100
100
2900
3150
70
90
80
80
130
180
980
130
1110
3280
B70
5150
2015
3610
730
A3h0
170
170
17320
1850
19170
510
160
670
90
O0
2015
350
100
‘50
100
100
3200
300
3500
80
20
100
90
90
200
200
1250
160
1410
asao
970
5850
2020
3730
770
A550
0
170
170
19070
2070
21100
550
160
710
0
9O
90
o
ano
300
30120
3550
33680
53520
7120
60640
2020
360
100
“60
100
100
3550
320
3870
80
30
110
90
90
210
210
1550
190
1740
5540
1000
6580
2025
3900
810
0750
0
170
170
21150
2330
23430
580
180
760
0
100
100
320
320
35590
3800
39390
61250
7710
68970
2025
390
100
aqo
100
100
3900
350
£250
90
120
100
100
230
230
1950
230
2180
6330
1140
7070
2030
4100
650
4950
O
180
1RD
23590
2500
26230
610
200
610
0
100
100
0
3A0
340
«1500
#100
#5600
69600
8010
70210
2030
«00
120
520
100
100
a270
390
#660
90
30
120
100
100
230
230
2390
260
2650
7150
1230
0380
2035
6270
890
5150
100
180
264‘0
3010
ansn
650
220
870
110
110
360
350
48180
A500
52680
79540
9270
88810
7035
420
120
500
100
100
@660
#30
50°0
100
130
110
110
250
250
2960
310
3270
81‘0
1350
9‘90
 
TAELF 13
“SE
MUN
MUN
uuN
DD“
no»
DU”
MAN
MAN
MAN
MIN
MIN
MIN
§1x
SYK
<Tw
VDD
YQD
1129
DWD
PHD
DVD
101
TOT
an
TARLF 14
USF / YEAQ
MUN
MUM
MUN
DO”
00“
00M
“AN
MAM
MAN
MxN
MIN
MIN
evu
51x
91V
199
THE
TDD
Dip
Dwo
DVD
TOT
TOY
TOT
/ VE
|AKE
HULK
TOTL
LAVF
NDIK
TOTL
LAKE
NDIK
TOTL
LAKE
NOIK
TUTL
LAKE
NOIK
TOTL
LAKE
NOLK
TnYL
IAKE
NDLK
TOTL
LAKE
HULK
TOTL
LAKE
NOLK
YUTL
[AKE
NOIK
TOTL
LAKE
NnLK
TnYL
[AXE
NULK
TOTL
LAKE
N0|K
TDTL
lAKE
NOIK
TOTL
IAKE
HULK
TUYL
lAKE
NOLX
TOTL
TOTAL LAKE ONTADYO wlTHDDAWAL WATER
An 1975
690
260
950
70
2520
260
?7Ho
70
20
90
9300
IIBO
10090
12530
1900
laaﬂo
THTAL
1975
110
$0
160
110
120
330
200
530
1980
760
2‘0
1040
70
70
29R0
310
3290
an
20
100
40
40
70
13790
1110
148°C
17600
vgno
19500
1990
120
‘0
170
40
130
140
10
10
40
40
50
150
IFU
a?0
290
640
19H5
820
290
1110
no
3590
3‘0
3950
18490
860
19350
22900
1750
24730
1905
130
50
1‘0
50
130
160
20
20
240
90
250
540
230
770
1990
890
310
1200
90
4240
4‘0
4690
110
30
100
23020
540
21960
28660
1560
30220
1990
140
50
190
60
190
210
20
20
an
50
70
340
3‘0
690
250
940
HSF
1995
960
320
1230
q0
90
6020
540
9550
120
160
50
50
90
29260
470
23730
34360
1600
35060
LAKE ONTARVO CUNSUMDTIVE WATFR U95
19‘35
160
3O
200
60
60
210
260
20
20
50
‘0
70
460
470
850
270
1130
CPS
2000
1010
330
1340
00
00
59ao
640
65R0
110
40
170
60
90
100
c;<
2000
150
210
so
so
2no
310
70
:0
50
50
“0
620
20
640
1030
290
1370
F-138
2005
1110
340
1460
Q0
90
6910
740
7660
140
$0
190
R0
‘0
110
110
41600
470
02160
40860
1850
51700
2005
130
90
230
60
60
320
4O
360
20
20
90
50
R0
600
620
1320
300
1820
2010
1210
360
1570
100
100
9040
870
R910
160
50
210
60
60
110
110
50100
460
50560
59510
2010
61520
2010
190
50
240
60
60
330
avo
1010
20
1030
1600
320
1920
2015
1310
380
1690
110
110
9330
1020
10400
170
50
220
60
60
120
120
58690
4‘0
59140
69550
2190
71740
2015
200
70
270
60
60
440
490
20
30
100
100
1250
20
1270
1910
370
2230
2020
1420
390
1810
110
110
10940
1190
12130
130
230
60
60
130
130
76770
440
77210
89310
2370
91680
2020
230
70
300
60
520
510
20
30
100
100
1610
1630
2380
370
2750
2095
1540
410
1950
110
110
12810
1400
14210
100
50
240
140
140
qsoso
«an
95°30
qusoo
2610
112200
2025
240
70
310
70
610
670
20
10
30
110
1990
2020
2860
420
3280
2030
1670
430
2100
130
130
15000
1640
16640
210
70
280
0
70
7O
0
150
150
113660
400
114060
130540
2890
133430
2030
260
70
330
70
690
770
20
30
120
120
2430
2460
3400
450
3850
2035
1820
A40
9260
130
130
17610
1920
19530
220
70
290
O
70
7O
0
160
160
132820
330
133200
152470
3170
155640
2035
290
130
2960
40
3000
4090
480
4570
 
 TABLE 15
USF
MUN
MUN
“UN
DOM
DOM
DOM
MAN
MAN
MAN
MIN
M1N
MIN
91K
STK
STK
1RD
1QU
1RD
Dun
0ND
pr
TOY
TUT
TOT
TABLE 16
Us:
MUN
MUN
MUN
DOM
no»
DOM
MAN
MAN
MAN
“IN
M1N
MIN
STK
STK
STK
1RD
199
1RD
DID
0WD
0WD
TOT
TnT
TOT
UNITFD STATEQ TDTM
HN11FD
/ VEAD 1975
LAKE A890
NOLK 1200
TOTL 6130
LAKE 0
NOLK 500
TnTL 500
[AXE 13820
NULK 1530
YDTL 20a50
LAKE 860
NOLK 220
TUTL IORO
LAKE 0
NOLK 130
TnTL 130
LAKE 0
NULK 350
TOTL J50
LAKE 22900
NULK 10570
TUTL 33u70
LAKE 47a70
NOLK 10600
TDYL 62110
/ YEAR 1975
LAKE 550
Nan 110
VUTL SEQ
LAKE 0
NOLK 300
TDTL 300
LAKE 9100
NULK 170
TUTL 2270
LAKE 190
NULK 60
TnTL 250
LAKE 0
NDLK 130
YOYL 130
LAKE 0
MOLK 260
TOYL 280
LAKE J00
NDLK 120
TDTL ‘20
LAKE 3140
NULK 1170
TDTL 0310
STATE9 TOTM
1930
5200
1320
6520
0
520
520
19110
1650
20760
950
2‘0
11°C
0
130
110
A10
‘10
26150
10050
35610
51‘10
14750
66150
1930
590
1‘0
720
310
310
2310
200
2510
200
50
260
110
110
310
310
“‘0
170
610
35‘0
1330
4870
wlTHnnAwAL wATrp use
1935
5500
1390
6890
510
530
19660
1bH0
211‘0
1030
250
1200
130
110
‘60
060
29700
10230
J9930
55690
14670
70360
CONSUMDTlvF VATED
1905
600
150
750
330
330
2550
220
p770
220
60
230
130
130
370
370
630
200
830
0000
1460
5660
1990
5820
1a60
7290
5‘0
5‘0
19950
1730
21690
1130
290
1420
130
130
530
530
326‘0
9730
42370
59550
14410
73950
1990
650
150
800
330
330
2930
31°o
230
60
290
130
130
‘20
420
920
2‘0
1160
‘730
1590
6320
uqqs
6130
1570
7700
550
550
anaso
1790
222‘0
1210
300
1510
130
110
570
570
3&990
97ao
4o730
627R0
14650
77430
1995
6R0
150
830
‘50
1300
330
1630
5560
1760
7320
“SF
CFC
2000
6‘20
1610
R050
550
550
21010
18‘0
22570
1290
320
1610
110
110
600
600
39090
10090
48170
66630
15150
81990
CPS
2000
720
150
870
310
330
3720
310
‘050
260
60
320
130
110
Sno
500
1830
#30
2260
6530
1930
Base
F—139
2005
6710
1720
£650
550
550
21600
1800
23510
1370
350
1720
130
130
660
660
41070
10650
51720
70810
15950
86760
2005
770
160
930
330
330
‘1‘0
360
0500
270
70
3‘0
130
130
530
530
2230
510
2810
7460
2110
9570
2010
70‘0
1810
EH50
500
SRO
22230
1930
2‘160
1‘50
360
18‘0
130
130
710
710
‘ASBO
11320
55900
75330
16Ra0
92170
2010
790
170
960
330
330
BSFO
390
0970
290
70
360
130
130
590
590
2910
3560
8570
2330
10900
2015
7300
1900
9200
580
580
22830
1990
2‘820
1550
400
1950
130
130
750
760
‘RB‘O
12160
61000
80560
17910
98470
2015
630
130
1010
3‘0
3‘0
5000
aao
sane
310
80
390
1‘0
1‘0
6‘0
6‘0
3690
810
0500
9830
2530
12660
 
2020
76A0
1990
9630
580
580
230‘0
20‘0
25‘80
16‘0
«00
2040
0
1‘0
1‘0
0
800
800
5A010
13190
67200
86730
10100
105870
2020
570
180
1050
350
350
5‘60
470
5930
320
R0
400
1‘0
1‘0
670
670
4600
980
5560
11250
2570
[#120
2025
7900
2030
10020
500
580
2‘000
2090
26170
1720
420
21‘0
1‘0
1‘0
0
850
850
60060
1‘360
70420
93800
20520
11‘320
2025
910
130
1090
350
350
5910
500
6430
3‘0
430
1‘0
1‘0
710
710
5720
1210
6930
12900
3180
16080
2030
8230
2180
10‘10
600
600
2‘730
21‘0
26670
1810
460
2270
0
1‘0
1‘0
0
890
890
67450
15770
85220
102220
22180
12Aa00
2030
9‘0
190
1110
350
350
6&00
550
6950
350
90
050
1‘0
1‘0
7‘0
740
6980
1‘50
£030
1‘670
3510
18180
2035
8530
2270
10800
610
610
25370
2220
27590
1900
490
2390
1‘0
1‘0
0
9‘0
940
77090
17650
94700
112890
2‘320
137210
2035
990
200
1130
350
360
5370
600
7410
370
90
‘60
1‘0
1‘0
790
790
8690
1770
10‘60
16910
3950
20860
 
TABLE 17
USF
MUN
MUN
MUN
DOM
00”
no»
MAN
MAN
MAN
MIN
MIN
MIN
51x
57x
cry
19B
199
1RD
nap
DWD
awn
TOT
T01
T01
TAHLF 18
USF
MUN
MUN
MUN
DU“
DO“
DD“
MAN
MAN
MAN
TQQ
DwD
PHD
Dip
TUT
TOT
TOT
/ YE
LAKE
NOLK
YOYL
LAKE
NOLK
TDTL
LAKE
NDLK
TOTL
LAKE
NOLK
TDTL
LAKE
NOLK
YnTL
LAKE
NULK
TOTL
LAKE
NULK
TOTL
LAKE
NOLK
TOTL
/ YE
LAKE
NOIK
YOTL
IAKE
HULK
TﬂTL
LAKE
NOLK
TOTL
LAKE
NOLK
YOTL
LAKE
HULK
TOTL
LAKF
NULK
TOTL
|AKE
NOLK
YOTL
LAKE
NULK
VOTL
UNYTFD STATEQ LAKE
AG 1975
a0
30
70
0
10
10
330
#10
270
7O
340
O
10
10
590
130
710
1270
200
1550
1930
00
30
70
10
10
300
10
4'0
2°C
70
350
O
10
10
600
190
750
1300
270
1690
UNITED STATEQ IAKE
AD 1975
10
0
10
O
10
10
‘0
0
50
100
130
O
10
IO
10
10
170
220
1900
‘0
10
50
110
100
10
10
190
250
$UDERlDQ WITHDRANAL HATFH UEE
1905 1990 1995 P000
40 SO 50 S0
30 20 ’0 70
7O 70 7O 70
O 0 0 O
10 10 10 IO
10 In 10 10
3°C 000 410 “PO
30 40 ‘0 40
020 4‘0 “50 360
300 320 330 JQO
70 A0 A0 90
370 400 410 030
0 O 0 O
0 0 0 O
0 0 0 0
0 O 0 0
P0 P0 20 ?0
90 20 20 70
700 710 690 640
110 1?0 110 100
810 530 800 7‘0
1010 1a90 voao laso
270 290 200 290
1700 1770 1760 1730
SUDFDVUD FONSUMDTYVF HATED “SF
1905 19°0 19q5 ?000
10 10 10 10
0 0 0 0
10 1O 10 10
0 0 0 0
10 10 10 10
10 10 10 10
50 50 70 HO
10 1O 10 10
60 70 ’10 no
110 1?0 190 190
30 30 30 ‘0
1‘0 150 150 140
O O
O
O
0 O 0 0
0 O 0 0
O 0 0 0
10 ?0 20 P0
10 )0 Po P0
10 20 20 30
0 0 O 0
10 ’0 P0 30
100 210 220 260
60 70 70 70
240 200 290 310
F—l40
2005
50
90
70
10
430
#70
360
Q0
450
0
PO
20
600
100
700
1000
2R0
1720
CFS
P005
10
10
10
10
90
100
130
160
O
0
P0
?0
30
an
260
330
2010
50
20
70
10
A00
480
380
“0
#70
O
30
30
650
100
750
1520
290
1810
P010
10
10
10
10
100
110
130
30
160
D
30
30
40
50
280
370
P015
50
P0
70
10
050
‘90
390
100
090
O
710
110
820
1600
310
1910
?015
10
10
10
10
110
1?0
[GO
170
310
000
?020
60
20
80
10
460
510
400
100
500
O
780
120
900
1700
330
P030
2020
10
10
10
10
110
IPO
160
170
O
O
C
30
30
70
80
330
420
POPS
60
20
80
10
570
590
«20
100
SPO
870
130
1000
1820
330
2160
PO25
10
1O
10
120
130
150
190
O
360
100
060
900
1‘0
1120
19h0
360
?300
2030
10
10
1O
10
130
100
150
40
190
O
30
30
100
1?0
390
110
500
P035
60
20
80
10
080
540
‘40
IPO
560
0
0
0
m
u
C
O
O
1120
150
1270
2100
300
7490
7035
10
10
10
10
140
150
150
30
190
0
130
150
430
110
5‘0
  
 TABLF 19
“5‘
MUN
MUN
MUN
DOM
DOM
DOM
MAN
MAN
MAN
MIN
MIN
MIN
STK
SIK
STK
[RR
1RD
1RD
own
own
pwp
YDT
TOY
YOT
TABLF 20
“SF
MUN
MUN
MUN
DOM
DOM
no»
"AN
“AN
MAN
MIN
MIN
MIN
STK
STK
51K
IRQ
1RD
1RD
DVD
DVD
FWD
TUT
YDT
TOT
UN'TFD STAYES
/ VEAQ
lAKE
NDLK
TOYL
LAKE
NULK
TOYL
LAKE
NULK
YOTL
LAKE
NULK
THTL
LAKE
NUlK
TUTL
LAKE
NDLK
YUTL
LAKE
NOLK
YOYL
LAKE
NOLK
YOTL
1975
250
50
290
50
50
970
1050
Q0
110
150
2150
2320
1470
2380
3850
1990
270
no
310
‘0
60
990
1050
100
[10
1O
10
20
190
24:0
2570
1470
9600
also
IAKE HURON WITHDDAWAL HAYED USE
1985 1900 19°5 2000
290 310 330 350
00 A0 50 50
330 350 330 000
0 0 0 0
60 60 70 70
60 60 70 70
900 1020 1000 1070
90 q0 90 100
1080 1110 1130 1170
120 130 140 150
30 30 30 A0
150 150 170 1QD
0 o 0 O
10 10 10 10
10 ,10 10 10
0 0 0 0
20 30 30 30
20 10 3O 30
Q0 v "‘0 90 no
27
60
30
10
33
50
37
°n
2850 30°0 ‘A30 3870
1090 ISAO 1590 1650
3010 3270 1630 AOOO
0500 0810 5220 57a0
UN
YY
FD
ST
AT
E<
LA
KE
HU
RO
N
Cn
NS
UM
DT
IV
F
NA
TF
P
U5
5
/ YEAR
LAKE
NULK
TOYL
LAKE
NULK
VDVL
lAKE
NOlK
TOYL
LAKE
NOLK
TOTL
LAKE
NOLK
TOYL
LAKE
NOIK
YOTL
LAKE
NOLK
TOTL
LAKE
NOLK
YDTL
1975
160
0
160
190
90
280
1990
170
170
no
40
30
30
10
10
>20
10
10
20
90
50
50
210
130
300
1935 19°0 1995 Pono
17
0
13
0
1°
0
20
0
10
10
10
10
18
0
19
0
20
0
21
0
0 0 0 0
no ‘0 a0 40
no no 60 00
a0 50 70 100
0 10 ‘0 10
do 60 no 110
10 lo ?0 PO
10 10 10 10
20 20 30 10
O 0 O 0
10 IO 10 10
10 10 10 10
0 0 0 0
90 20 30 30
20 20 30 30
0 0 O 0
70 100 140 100
70
10
0
1‘
0
10
0
220 2‘0 230 320
160 200 250 300
SE
C
3‘
0
53
0
62
0
F—l4l
CFS
2005
370
420
70
70
1110
100
1210
160
200
HO
A070
A150
1720
4J70
5090
CFS
2005
210
10
220
A0
120
1‘0
20
10
30
10
10
30
10
10
2‘0
250
360
350
710
2010
A00
50
A50
80
IIAO
100
12A0
170
40
210
10
1O
30
30
90
AAOO
AAQO
1800
“710
6510
2010
220
230
no
A0
150
10
160
400
A20
820
2015
A20
50
A70
30
“0
1170
100
1270
180
50
230
10
-10
A0
40
100
A800
A900
1870
5130
7000
2015
230
10
240
40
40
170
20
190
20
30
10
10
00
A0
10
390
AOO
530
520
950
2020
AAO
50
A90
80
“0
1210
100
1310
190
2A0
10
10
40
A0
110
5290
SAOO
1950
5620
7570
2020
2‘0
10
250
50
190
20
210
10
A80
A90
A70
620
1090
2025
A60
50
510
80
30
1240
100
13A0
200
250
10
00
A0
120
5860
5980
2020
6190
8210
2025
250
10
260
50
220
20
200
30
A0
10
10
A0
A0
10
600
610
510
7A0
1250
2030
A30
50
530
90
1230
100
1330
210
60
270
130
6550
6680
2100
6900
9000
2030
260
270
50
50
250
20
270
30
A0
10
10
A0
AD
10
730
7‘0
550
870
1A20
>035
500
50
550
O0
90
1310
110
1A20
220
60
230
10
10
no
no
150
vaso
7510
2180
7820
10000
2035
270
280
50
50
270
300
30
10
10
40
O0
20
900
920
590
1050
1600
 
 YAHLE 21
USE
MUN
MUN
MUN
ar‘ 00M
.l new
DOM
MAN
MAN
MAN
MIN
MIN
MIN
$7“
STK
STK
Inn
190
1RD
Dun
DWP
PUD
TOT
TOT
TOY
TARLE 22
USE
MUN
MUN
MUN
DOM
DOM
00M
MAN
MAN
MAN
M1N
MIN
MIN
STK
STK
57K
199
199
1RD
nun
nun
Dun
TOT
TOY
YOT
 
UNlTED SYATE< LAVE EPIF IIYHDRAVAL WAYFR USE
/ YEAQ
LAKE
NOLK
TOVL
LAKE
NDLK
tovL
LAKE
NDLK
TUTL
LAKE
NnLK
TOTL
LAKE
HULK
YOTL
LAKE
NOLK
TDTL
LAKE
NDLK
TOTL
LAKE
NDLK
TOTL
UNITFD STATEQ
I YEAR
LAKE
NDLK
TOTL
LAKE
NULK
YOTL
LAKE
NOLK
TnTL
IAKE
NOLK
YOTL
LAKE
NOLK
TnTL
LAKE
NOLK
YDTL
LAKE
NOLK
YDTL
LAKE
NOlK
TOTL
5230
720
8950
250
310
30
30
90
7530
4620
12150
15290
6040
24320
1975
200
50
250
80
1290
110
1390
90
50
140
1610
410
2020
1980
2420
400
7820
140
140
Aano
730
9110
280
350
100
100
8960
4220
13150
20040
5690
29730
1on0
220
‘0
280
O0
90
1380
120
1500
:0
10
50
130
190
1770
440
2210
1985
2560
420
2980
140
140
8560
740
9300
310
390
30
30
100
100
10210
3970
14190
21640
5430
27120
1985
230
290
90
90
1520
130
1650
50
60
30
3O
80
190
250
1990
460
2450
1990
2710
440
3150
140
140
8820
760
9500
340
90
430
10
30
110
110
11250
3450
14720
23130
5030
28160
1990
250
310
90
no
1730
150
18R0
50
60
30
30
90
280
70
350
2310
500
2810
1995
2860
470
1330
140
140
0110
790
9900
330
100
430
120
11720
1120
14840
24070
4770
23840
IAKE EQIF CONSHMDYYVE WAVE”
1995
250
60
320
80
80
1950
170
2120
50
70
30
30
90
ace
90
aqo
2670
530
‘200
2000
3010
480
3490
140
140
9440
820
10260
410
100
510
12380
2900
15250
25220
4500
29810
USE
2000
280
50
340
80
R0
2160
190
2350
$0
10
70
100
570
100
670
3070
570
3640
(PS
2005
3160
3660
140
140
9800
850
10650
440
110
550
‘0
10
139
130
13360
3020
15330
26760
4780
31540
CPS
2005
300
70
370
80
A0
>aeo
210
P630
60
80
30
30
100
100
710
120
830
3490
630
4120
F—l42
2010
3310
3830
140
140
10160
880
11040
480
120
600
30
30
140
140
14540
3160
17700
zaaqo
agqo
asaso
2010
310
70
380
80
80
2680
230
2910
70
90
30
30
110
110
920
130
1050
3980
670
4650
2015
3460
4000
140
140
10520
920
11440
510
130
640
15980
3340
19320
30470
5240
35710
2015
330
400
80
2940
260
3200
80
100
30
30
120
120
1170
160
1330
4520
740
5260
2020
3610
4170
140
140
10890
950
11840
550
680
30
30
160
160
17720
3560
21250
32770
5530
38300
2020
340
70
410
80
80
3240
250
3520
80
100
30
30
120
120
1460
190
1650
5120
790
5910
2025
3760
580
4340
140
140
11290
980
12270
580
140
720
30
30
160
160
19760
3800
23560
35390
5830
41220
2025
360
430
80
3530
300
3830
90
110
30
30
130
130
1320
230
2050
5800
860
6660
2030
3910
600
4510
140
140
11710
1020
12730
610
150
750
22250
4100
26350
38480
6210
44690
2030
370
450
80
3820
330
4150
90
110
30
30
130
130
2230
260
2490
6510
930
7¢ao
2035
4060
620
4680
140
140
12120
1060
13180
650
160
810
30
30
180
190
25500
4500
30000
42330
6690
49020
2035
390
470
80
80
4120
360
4480
100
120
30
30
140
140
2780
310
3090
7390
1020
8410
 
 TARLF 23
USF
MUN
MUN
MUN
DOM
DOM
00M
MAN
“AN
MAN
MIN
MIN
MIN
STK
STK
STK
199
THE
19?
nwp
DWD
UN”
TOT
TOT
TOT
TABLF 24
"SF
MUN
MUN
MUN
no»
00M
DOM
MAN
MAN
MAN
MIN
MIN
MIN
STK
STK
STK
IRD
TDD
1RD
Dun
Dun
Dun
TOT
TOT
TOT
I YE
LAKE
NOLK
TDTL
LAKE
NnLK
TOTL
LAKE
NDLK
YOTL
LAKE
NULK
TOTL
LAKE
NOLK
TUTL
IAKE
NOLK
TOTL
LAKE
NUIK
TUYL
LAKE
NULK
TnTL
/ YE
IAKE
NOLK
TnTL
IAKE
NULK
TDTL
lAKE
NOLK
TDTL
LAKE
NDlK
TOTL
LAKE
NOIK
TnTL
IAKE
NDLK
TOTL
LAKE
NOLK
TUTL
LAKE
NOIK
TDTL
HNITFD STATE§ LAKE ONTARTO HTTHDDAVM
AR 1975
1‘0
210
350
0
50
‘0
A90
520
70
20
q0
20
20
30
4730
1180
5910
5420
1550
6970
UNITED STATF€
AP 1075
30
‘0
70
O
30
30
30
0
30
10
10
140
120
260
1900
160
220
330
50
ooo
530
R0
100
aavn
1110
6520
ﬁldO
uaoo
7630
19R0
30
a0
70
30
30
40
60
10
10
20
20
v0
100
120
Iao
130
310
1935
170
230
AGO
50
50
510
550
O0
20
110
6330
860
71°0
7100
1250
8350
1985
00
60
20
20
200
130
370
19Q0
190
240
430
60
60
530
570
110
10
1‘0
20
20
50
30
7230
5&0
7770
8060
970
0030
19°C
40
40
£0
30
60
60
2O
20
300
130
470
 
VATED
‘995
210
250
460
60
60
550
50
600
120
30
1‘0
none
470
R510
R920
920
e340
1905
00
50
"0
40
40
70
10.
30
20
20
310
320
uoo
150
590
USF
2000
220
250
A70
50
60
570
40
620
1‘0
10
160
A0
A0
Q070
090
QSRO
°9°0
930
10920
|AKE ONTAPTO CONSUVDTIVE IATFD UﬁE
2000
A0
50
R0
no
no
Q0
90
2O
20
20
30
30
440
460
590
150
750
CFS
2005
2‘0
260
500
60
60
600
650
140
a0
180
20
20
‘0
50
9530
A70
103‘0
[0860
950
[1810
CF:
2005
50
40
Q0
a0
100
110
90
20
20
20
10
30
550
570
720
160
880
2010
260
270
530
10730
060
11190
11770
960
12730
2010
50
40
90
a0
00
120
10
130
20
PO
700
20
720
890
170
1060
2015
280
200
560
70
70
650
60
710
I70
210
11760
#50
12210
12860
970
13830
2015
50
50
100
00
40
130
10
100
20
10
30
20
20
no
390
900
1080
1°0
1270
2020
300
280
SRO
70
70
670
730
180
#0
220
50
50
13010
«no
laaso
14160
960
15120
2020
60
50
I10
00
do
150
10
160
20
10
30
1330
190
1520
 
2025
320
290
610
70
70
700
760
190
230
20
20
60
60
14070
430
1‘900
15680
970
16650
2025
60
‘0
110
:0
170
180
20
10
30
20
20
a0
.0
1370
30
1400
1620
1820
7030
340
300
640
80
720
780
210
50
260
20
20
60
16260
000
16660
17530
970
13500
60
50
110
00
00
180
200
20
30
1670
1700
1930
210
2140
2035
360
300
660
18590
380
18970
[@920
950
20870
2035
7O
‘0
120
00
40
200
220
2070
7110
2370
230
2600
     
  
USE
MUN
MUN
MUN
DOM
DOM
DOM
MAN
MAN
MAN
"IN
“IN
MIN
51K
91K
51K
1R9
1RD
1GP
nwD
nun
Own
f
ﬁ
’
ﬂ
ﬁ
ﬂ
       
   
701
707
TOY
USF
uUN
MUN
MUN
DOM
DD“
DOM
MAN
MAN
MAN
MIN
MIN
MIN
51K
STV
STK
1RD
YRD
1RD
PHD
DVD
DVD
TOT
TOY
TOT
TABLE 25
TARLE 26
CANADA TOTAL
/ VEAR
LAKE
NOLK
YDYL
LAKE
NDLK
YOTL
IAKE
NDLK
TOYL
LAKE
NULK
YUTL
LAKE
NULK
YDTL
LAKE
NOLK
TOYL
LAKE
NDLK
YUTL
LAKE
NULK
YDTL
1975
720
210
930
60
6860
760
6580
130
130
130
130
6600
0
6600
12160
1350
13510
 
1930
770
260
1010
60
6960
920
6830
160
150
140
160
1?470
19470
192no
1610
20810
NYTHDDAVAL WATER
1985
860
250
1090
80
30
7610
1150
8560
200
200
100
100
150
150
18350
13350
26600
1930
25530
CANADA YnYAL C"N§U“DTIVE
/ VEAQ
LAKE
NOLK
TnTL
LAKE
NDLK
YDYL
LAKE
NDLK
TOTL
LAKE
NDLK
TOTL
LAKE
NOLK
TOTL
LAKE
NOLK
TDYL
lAKE
NULK
TOTL
LAKE
NDLK
YOTL
1975
110
60
150
0
30
30
180
60
220
100
100
60
60
350
290
660
1950
120
60
160
30
230
270
O
90
90
110
110
90
Q0
can
310
750
1985
130
no
170
50
200
330
0
0
100
100
110
110
160
160
550
350
900
 
USE
19°o
910
280
1190
90
8990
1380
10370
260
260
110
110
160
160
25980
25960
35880
2260
39160
UATER USE
1990
I60
[90
60
60
360
60
600
0
0
O
110
110
120
120
190
190
670
390
1060
(‘5
1995
970
290
1260
90
90
1n910
1680
12590
310
310
120
120
180
100
37630
31630
65510
2670
66180
CPS
1995
150
190
60
620
R0
500
0
0
120
120
120
120
250
250
820
1260
2000
1030
320
1350
60
60
13090
2020
16110
370
370
120
120
190
190
61270
61270
55300
3110
53500
2000
160
60
200
60
60
510
90
600
10
10
120
120
I30
130
310
310
990
650
1630
F-144
9005
1120
330
1650
90
90
15560
2300
17960
660
one
130
130
200
200
Saano
56600
71060
3570
76650
2005
170
60
210
60
600
120
720
10
130
130
160
I60
620
490
1190
500
1690
2010
1220
370
1590
00
90
18600
2810
21210
510
510
150
150
210
210
67550
67550
87170
6160
91310
2010
190
260
60
700
150
850
10
10
150
150
150
150
530
530
1620
570
1990'
2015
1320
600
1720
100
100
21750
3310
25060
610
610
160
160
O
260
260
80680
0
80680
103750
6820
108570
2015
200
260
60
810
200
1010
160
170
170
660
660
1650
670
2320
2020
1660
630
1870
100
100
25760
3910
29650
720
720
0
170
170
0
260
260
109810
0
109810
136990
5590
152580
2020
220
290
60
60
1010
130
1190
30
30
170
170
150
180
860
860
2090
690
2780
 
2025
1560
670
2030
110
110
30520
6620
35160
660
860
0
200
200
0
280
280
138930
0
133930
171010
6560
177550
2025
260
310
1200
220
1620
210
210
1090
1080
2520
800
3320
2030
1690
510
2200
130
130
36190
5660
61650
1060
1060
200
200
0
310
310
168020
0
166020
205900
7650
213550
2030
260
80
360
70
1630
270
1700
no
no
200
200
220
220
1330
1330
3020
3900
2035
1660
550
2610
130
130
62970
6660
69630
1220
1220
220
220
0
360
360
197150
0
197150
261980
8920
250900
2035
280
360
70
1700
2020
no
no
220
220
260
260
1560
1560
3520
890
6690
 
 TAHLE 27
USE
MUN
MUN
MUN
no”
no»
DOM
HAN
MAN
MAN
MIN
MIN
MIN
SIX
STK
51K
IQD
Inn
199
ﬁne
DwD
DID
707
YnT
TOT
TAHLE 28
USF
MUN
MUN
MUN
DOM
on»
no»
MAN
MAN
MAN
MIN
M1N
VIN
57K
STK
STK
[RD
1BR
109
0"”
DwD
FWD
TOT
TOY
TOT
/ YE
LAKE
NHLK
YUYL
LAKE
NOLK
TOYL
LAKE
NOLK
YDYL
LAKE
NUIK
YOTL
LAKE
NOLK
TOTL
LAKE
NDLK
TDTL
LAKE
NOIK
YOTL
LAKE
NOLK
YDTL
I YE
LAKE
NUIK
TOYL
LAKE
NOIK
TOYL
LAKE
NOLK
TOYL
LAKE
NOLK
TOTL
LAKE
NOLK
TDTL
lAKE
NOLK
TOYL
LAKE
NDLK
YOTL
lAKE
anK
YGTL
CANADA LAKF
AR 1975
30
10
co
0
O
0
690
10
700
10
10
O
60
no
760
30
790
§UDEPlnR WITHDRAUﬂ
1930
30
10
a0
0
8‘0
10
850
70
70
9‘0
980
I905
30
IO
00
0
0
0
I050
10
1060
20
20
0
0
0
0
0
110
110
1190
1230
19°0
30
v0
no
0
0
1270
1290
350
360
1660
1700
CANADA LAKF <UDEDIFR CONSUMDTIVE
AR 1975
IO
0
IO
0
0
0
20
0
20
0
0
0
0
0
0
O
30
30
1900
10
10
0
0
0
20
20
0
O
O
O
O
O
30
‘0
1995
IO
10
O
30
30
0
0
0
0
0
0
O
‘0
40
1990
10
10
O
30
30
0
0
0
O
O
0
0
00
A0
HAYED USF
1905
30
‘0
00
O
1530
70
1550
620
620
2130
2240
WATFQ U§E
I995
10
10
0
0
O
40
40
O
10
IO
60
60
(PS
2000
30
IO
00
O
1830
90
18%0
30
10
O
800
Eng
2700
2600
rFs
2000
10
IO
10
10
70
'0
70
F-145
2005
30
10
40
0
0
°
2100
20
2170
1170
1170
3350
3420
2005
10
10
0
0
0
60
60
0
0
0
0
0
0
0
IO
10
00
80
2010
30
10
00
O
O
PSAO
30
2570
1470
1470
4040
4120
2010
10
10
O
O
O
70
70
O
D
0
0
0
D
10
IO
90
90
2015
30
IO
no
0
0
0
2980
30
3010
0
0
0
1760
1760
A770
ﬂ860
2015
10
10
0
0
0
70
70
10
10
O
O
10
10
90
10
100
2020
30
10
30
0
0
0
3510
no
3550
D
O
9
2410
2010
5950
6060
2020
IO
0
O
90
90
10
10
120
130
2025
30
10
40
0
0
4140
40
A180
0
0
3060
3060
1230
120
7350
2025
10
IO
0
100
100
20
20
130
100
2030
30
10
CO
0
0
0
A670
50
‘920
1700
3700
8600
8750
2030
10
10
0
0
0
120
120
10
10
0
0
°
0
°
30
30
160
170
2035
00
10
‘0
C
O
O
5700
60
5800
100
100
3350
.350
10130
100
10310
2035
10
10
100
140
10
10
D
10
10
JD
30
180
200
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DOM
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"IN
MIN
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51V
91K
91K
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1RD
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DID
can
707
707
TOY
USE
MUN
MUN
MuN
DD“
DO”
DOM
MAN
MAN
MAN
“IN
M1N
u1N
STK
STK
STK
199
1RD
YR”
own
nun
nun
TOT
TOY
YARLE 29
 
TAHLF 30
/ YEAR
LAKE
NULK
YOYL
LAKE
anK
YUTL
LAKE
NOLK
TOYL
[AXE
NOIK
YUYL
LAKE
NOIK
YOTL
LAKE
NULK
YOTL
LAKE
NOLK
YOTL
LAKE
NDLK
TUYL
CANADA LAKE HUVON CUNSUMDY'VF VAYED
/ YEAR
LAKE
NOLK
VOTL
LAKE
anx
YUTL
LAKE
NOIK
YOTL
LAKE
NnLK
TOYL
LAKE
NOIK
YOYL
LAKE
NULK
YDYL
LAKE
NOLK
TOTL
LAKE
NOLK
TDYL
1975
60
50
110
20
20
770
330
1100
110
110
30
30
20
980
0
950
1810
560
2370
1975
10
10
20
0
10
10
00
20
60
60
1900
50
50
120
20
950
010
1360
140
100
2870
2870
3800
690
0570
1900
10
10
20
10
10
50
70
0
no
no
20
20
20
20
50
100
180
1905
70
60
130
20
1190
510
1700
170
170
40
A0
20
0760
0760
6020
820
6800
1995
10
10
20
10
60
90
110
110
220
CANAhA LAKF HUDnN VIYHDRAIAL WATER U95
1990
80
150
30
1030
610
2000
210
210
7160
7160
6670
900
9650
1990
10
10
20
20
20
HO
110
100
120
260
1995
00
70
150
No
1730
700
7070
260
200
50
50
9570
9570
11330
1130
12550
“SE
1995
10
10
70
20
20
I00
100
180
1.0
370
2000
90
00
170
30
30
2070
590
2960
310
310
50
R0
30
10
11970
11970
10130
1390
15520
CPS
2000
10
10
20
PO
120
170
220
160
300
F-146
2005
90
00
170
30
30
2000
1030
3030
J70
570
50
50
30
30
15650
15650
10100
1590
19730
2005
10
no
20
90
100
-200
10
10
50
SO
20
20
120
120
270
110
aao
2010
100
190
30
2790
1190
3930
000
aao
19300
19300
22230
1800
20070
150
90
200
150
150
320
220
500
2015
110
100
210
3200
1390
0630
520
520
60
60
00
00
23020
23020
26370
2100
28510
2015
20
30
20
170
120
290
180
180
370
250
620
2020
120
100
220
3780
1620
5000
620
620
31200
31200
35100
2080
37620
2020
20
20
00
20
200
100
300
30
200
200
500
250
150
2025
130
110
200
00
0410
1890
6300
700
700
00
BO
40
no
39060
39060
00000
2900
06900
290
120
010
10
10
BO
80
no
310
310
620
290
910
2030
100
120
260
00
00
5160
2210
7370
880
880
07670
07670
52970
3380
56350
2030
20
00
20
350
150
500
380
380
750
330
1080
2035
150
130
230
00
6050
2590
8600
1000
1000
5‘800
55890
62090
3900
66030
2035
20
20
‘0
20
20
010
180
590
000
000
870
290
1200
 
 TABLF 31
USF
MUN
MUN
MUN
DU”
00”
now
MAN
MAN
MAN
MIN
MIN
M1N
51K
STK
51K
190
19D
190
Own
“WP
9ND
TOT
TOY
T()T
TABLF 32
USE
MUN
MUN
MUN
nnu
DOM
DUN
MAN
MAN
MAN
"IN
MIN
MIN
STK
SYK
STK
1RD
1RD
19D
DVD
DVD
DWD
TDT
TOT
TOT
/ YE
LAKE
NULK
YDTL
LAKE
NDlK
TOYL
LAKE
NULK
TOTL
IAKE
NOLK
TOTL
LAKE
NDLK
torL
LAKE
NﬂlK
TOYL
LAKE
NDLK
YnTL
|AKE
NDLK
TOYL
/ YE
LAKE
NULK
TUTL
LAVE
NDLK
YnTL
LAKE
NOLK
YO'L
LAKE
NOLK
VDTL
LAKE
NOLK
TOTL
LAKE
NDLK
TnTL
LAKE
NULK
TOYL
LAKE
NnLK
YOYL
CANAUA LAKE FRYE NYTHDDAWAL
AR 1975
PO
100
130
20
20
1300
150
1520
10
10
1010
1010
2430
“10
2800
CANADA LAKF
AD 1975
10
20
30
50
10
60
0
°
30
30
50
S0
10
10
70
120
190
19R0
R0
110
1°C
20
20
1670
2‘0
1900
10
10
30
30
50
1160
1160
2910
090
1390
FR1E
1900
10
20
30
10
10
70
10
a0
10
10
'10
120
210
1935
“0
120
210
30
30
2100
290
2300
1320
1320
3510
570
9000
VAYED
19°C
100
130
230
30
30
2550
350
2930
2270
2270
A950
5600
USP
1905
110
150
250
30
30
1180
030
1610
100
1220
3220
6510
7‘0
7250
CDNSUMPYIVE WATFR U<E
1995
10
20
30
20
00
10
90
0
0
A0
60
50
50
1O
10
100
140
2‘0
1990
20
00
20
20
100
110
#0
d0
60
20
20
100
ISO
2°C
1995
20
20
‘0
20
20
120
20
100
0
0
a0
a0
60
60
20
20
160
160
320
CFS
2000
120
1‘0
270
10
3820
A300
4170
4170
8110
860
3970
(F5
2000
20
20
a0
:0
70
no
170
30
30
200
160
360
F—147
2005
130
160
ZQO
30
30
0700
6é0
5300
110
‘770
5770
10600
1010
11610
2005
20
DO
20
20
130
10
210
230
190
“30
2010
160
180
320
5650
770
6420
120
120
7370
0
7370
13160
1170
1&330
2010
20
30
SO
20
20
220
30
250
300
200
500
2015
150
190
340
30
30
6800
930
7730
130
8970
8970
15920
1370
17290
2015
20
30
50
20
20
260
40
300
0
0
0
60
60
BO
80
00
BO
360
230
590
 
2020
170
210
380
30
30
R180
1120
0300
30
30
100
100
12“00
12000
20750
1590
22300
2020
20
30
50
20
310
‘0
350
#20
250
670
2025
180
230
010
160
15830
15830
25870
1880
27750
2025
30
30
60
20
370
50
£20
10
10
70
70
100
100
130
0
130
530
200
810
2030
190
250
540
00
£0
11880
1620
13500
170
170
19250
1°250
31320
2200
33520
2030
30
40
70
20
20
A50
510
10
10
70
70
100
100
160
160
6.0
300
900
2035
210
270
580
40
‘0
15320
1950
16270
60
60
80
50
130
180
22630
22680
37210
2580
39790
2035
30
“O
7O
20
5‘0
610
10
10
80
80
110
110
130
180
750
330
1080
 
 TABLE 33
USF
MUN
MUN
MUN
DD“
DOM
DOM
MAN
MAN
MAN
MIN
MIN
MIN
STK
51K
STK
IR?
YQD
IRP
DIP
DI?
own
TOY
TOT
YOT
TABLE 3‘
USE
uUN
MUN
uuN
DOM
DOM
00M
MAN
MAN
NAN
MIN
MIN
MIN
SYK
SYK
STK
109
100
1D?
DVD
DVD
TOT
TOT
TOT
/ YE
LAKE
NOLK
TOYL
LAKE
NOLK
TDTL
LAKE
NDlK
TOTL
LAKE
NOLK
TOTL
LAKE
NULK
TOYL
LAKE
NOlK
TDTL
LAKE
NULK
TDTL
LAKE
NOLK
TOYL
/ YE
LAKE
NDLK
TOTL
LAKE
NOLK
TOTL
LAKE
NOLK
YOTL
lAKE
NDLK
TnTL
LAKE
NOLK
YDTL
LAKE
NOLK
TOTL
LAKE
NOLK
TOTL
LAKE
NOLK
TOTL
CANADA
LAKF
ﬂNYADlO
WITHDRAWAL
IATFR
USE
CFS
AR
1975
1930
1935
1990
1995
2000
550
600
650
700
750
7°0
50
60
60
70
70
30
600
660
710
770
520
870
0
0
0
0
0
0
20
20
30
30
30
10
20
20
30
30
30
30
2050
2490
3070
3710
A070
5370
220
270
340
A10
A90
500
2260
2760
3310
0120
4960
5960
0
0
0
0
O
0
O
0
0
0
10
10
0 0 0 O 10 10
0
0
0
0
0
O
20
20
20
30
30
30
20
20
20
30
30
30
0
0
0
0
O
0
A0
#0
50
50
50
60
50
do
50
50
50
60
A570
A370
12160
161°0
20220
24250
0
0
0
0
0
0
4570
R370
12160
16190
20220
24250
7160
11460
15890
20600
25440
30410
350
410
500
590
690
800
7510
11870
16300
21190
26120
31210
CANADA
LAKF
nNTADIO
CDNSUMDT1VF
NATED
USF
crs
AD
1975
1990
1905
1990
1905
2000
R0
90
100
100
110
120
10
10
10
10
10
10
Q0
100
110
110
120
130
O
0
0
0
0
0
10
1O
20
20
20
20
10
10
20
20
20
20
7O
00
110
130
150
190
10
10
10
20
20
20
BO
100
120
150
190
210
0
O
0
0
0
0
0
0
0
0
0
0
0
0
0
0
O
0
O
0
0
0
0
0
20
2O
20
30
3O
30
20
20
20
30
30
30
0
0
0
0
0
0
30
no
£0
40
00
50
30
40
00
a0
50
50
‘0
50
90
120
150
180
0
0
0
0
0
0
A0
‘0
go
120
150
100
190
2‘0
300
350
420
«90
a0
90
100
120
120
130
270
330
400
070
540
620
2005
870
R0
950
30
6310
690
7000
10
10
30
10
SO
60
31810
31810
38990
900
39800
2005
130
10
100
20
220
250
250
250
600
100
730
2010
950
1000
30
30
7420
820
8240
39370
39370
47740
1050
08790
2010
100
150
20
260
30
290
310
310
710
150
860
2015
1030
100
1130
‘0
8730
960
9690
10
10
40
50
70
#6930
05930
56690
1220
57910
2015
150
170
20
20
310
350
370
370
830
180
1010
2020
1120
110
1230
00
10270
1130
11000
10
10
A0
30
80
63760
63760
75150
1010
76560
2020
170
20
190
20
370
610
510
510
1050
100
1230
2025
1220
120
1300
40
‘0
12110
1300
13350
80580
80580
93910
1600
95550
2025
130
20
200
30
30
one
490
620
620
1200
220
1460
2030
1330
130
1460
50
50
14280
1580
15860
0
20
20
0
50
50
0
90
90
97000
0
97000
113010
1920
110930
2030
200
220
30
510
570
760
760
1470
200
1710
 
2035
1‘50
1‘0
1600
50
50
16860
1860
1ﬂ720
100
100
114230
0
114230
132550
2220
134770
2035
220
20
240
30
30
610
680
890
090
1720
250
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